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ABSTRACT 
Textile dyes have adverse effects on human beings and aquatic life. Textile dye 
waste is a potential source of surface and ground water contamination if it is not 
properly collected, treated and disposed of. The main objective of the research was to 
prepare activated carbon from an agricultural solid waste, coconut coir and to 
determine its effectiveness in removing textile dyes from aqueous solution and in 
textile dye waste treatment. The coconut coir activated carbon (CCAC) and a 
commercial activated carbon (CAC) were characterised in terms of ash content, bulk 
density, pH, pHzrc, surface area, micropore area, micropore volume, average pore 
diameter, surface morphology, surface acidic functional groups, basic sites and 
surface functional groups. The study was conducted in two phases: batch adsorption 
test and column test. In batch adsorption test, adsorption of four different classes of 
textile dyes, namely Acid Red 18 (AR 18), Disperse Red 343 (DR 343), Reactive 
Yellow 15 (RY 15) and Direct Blue 86 (DB 86) by CCAC and CAC were examined 
while in column test treatment of a textile dye waste by the CCAC was assessed. 
Batch adsorption test showed that extent of dye adsorption was dependent on dye 
concentration, contact time and pH. Equilibrium adsorption for AR 18, DR 343, RY 
15 and DB 86 by CCAC and CAC was attained in 4, I, 4 and 2 h, respectively, and 
maximum adsorption occurred at pH 2 for all four textile dyes. Equilibrium 
adsorption data at pH 2 for CCAC and CAC were well described by the Langmuir and 
Freundlich isotherm models. Langmuir and Freundlich isotherm constant Q0 [48.5 
(AR 18), 51.0 (DR 343), 32.0 (RY 15) and 8.3 (DB 86) for CCAC, and 37.3 (AR 18), 
41.6 (DR 343), 22.0 (RY 15) and 6.5 (DB 86) for CAC] and K1 [25.7 (AR 18), 3.6 
(DR 343), 13.0 (RY 15) and 0.86 (DB 86) for CCAC, and 12.0 (AR 18), 2.9 (DR 
343), I 0.0 (RY 15) and 0.50 (DB 86) for CAC] indicated that CCAC has higher 
adsorption capacity than that of CAC for all four textile dyes. Adsorption of the dyes 
by both CCAC and CAC followed the pseudo-second-order kinetic model. 
Downflow column test results indicated that CCAC is effective in the treatment of 
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textile dye waste. The CCAC treated 17.5, 12.7 and 6.36 bed volumes of a textile dye 
waste in the first, second and third cycle, respectively, and effected removal of COD 
(97%) and BOD (99%), and complete removal of dye (zero absorbance at 436, 525 
and 620 nm) from the dye waste. Coconut coir activated carbon (CCAC) is a suitable 
substitute for commercial activated carbon in treatment of textile dye waste. 
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ABSTRAK 
Perwama tekstil memberi pelbagai kesan kepada manusia dan hidupan akuatik. 
Sisa perwama tekstil berpotensi menjadi agen pencemaran sumber air di daratan dan 
juga bawah tanah. Objektif penyelidikan ini adalah untuk menghasilkan karbon aktif 
dari sisa buangan pepejal pertanian iaitu tempurung kelapa dan menentukan 
keberkesannya dalam menyah-sisa perwama tekstil daripada larutan akueous dan juga 
dari loji rawatan sisa pewama tekstil. Penyerapan perwama tekstil diuji 
menggunakan CCAC dan CAC menggunakan parameter berikut; kandungan abu, 
jumlah ketumpatan, pH, pHZPC, luas permukaan, luas liang-mikro, isipadu 
liang-mikro, purata diameter liang, morfologi permukaan, kumpulan asid berfungsi 
permukaan, tapak asas dan kumpulan permukaan berfungsi. Kajian ini dijalankan 
dalam dua fasa: ujian batch adsorption dan ujian column. Dalam ujian adsorption, 
penyerapan pewama tekstil oleh CCAC dan CAC dilakukan dengan menggunakan 
empat jenis pewama iaitu Acid Red 18 (AR 18), Disperse Red 343 (DR 343), 
Reactive Yellow 15 (RY 15) dan Direct Blue 86 (DB 86). Manakala, untuk ujian 
column adalah menggunakan CCAC sahaja. Ujian catch adsorption menunjukkan 
kebolehupayaan serapan terhadap pewama adalah bergantung kepada kepekatan 
pewama, masa serapan dan pH. Keseimbangan serapan pada AR 18, DR 343, RY 15 
dan DB 86 oleh CCAC dan CAC adalah masing-masing diperolehi pada I, 4 dan 2 
jam. Serapan maksimum berlaku pada jam yang ke-2 pada ke-empat-empat pewama 
tekstil. Secara keseluruhan, penyerapan maksimum oleh CCAC dan CAC berlaku 
pada pH 2. Data diperoleh melalui model Langmuir dan Freundlich isotherms. 
Konstan Langmuir dan Freundlich [48.5 (AR 18), 51.0 (DR 343), 32.0 (RY 15) dan 
8.3 (DB 86) bagi CCAC, dan 37.3 (AR 18), 41.6 (DR 343), 22.0 (RY 15) dan 6.5 (DB 
86) bagi CAC] dan K1 [25.7 (AR 18), 3.6 (DR 343), 13.0 (RY 15) dan 0.86 (DB 86) 
bagi CCAC, dan 12.0 (AR 18), 2.9 (DR 343), 10.0 (RY 15) dan 0.50 (DB 86) bagi 
CAC] menunjukkan bahawa keupayaan serapan CCAC adalah lebih tinggi 
berbanding CAC untuk semua perwama tekstil yang digunakan. Model kinetic 
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pseudo-order ke-2 jugadigunakan bagi tujuan ini. AI iran ke bawah pada ujian column 
menunjukkan CCAC adalah sangat efektif dalam rawatan sisa perwama tekstil. 
CCAC merawat 17.5, 12.7 dan 6.36 lapisan isipadu perwarna tekstil di dalam kitaran 
pertama, kedua dan ketiga. Hasilnya, erlaku penurunan COD (97%) dan BOD (99%). 
CCAC juga menyah perwarna tekstil secara menyeluruh (tiada penyerapan warna 
pada 435, 525 dan 620 nm). CCAC sesuai untuk menggantikan CAC dalam rawatan 
sisa perwarna teksti I. 
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The textile industry is a major economic sector of Malaysia, contributing a total 
earning of RM 18.0 million (USD 5.4 million) from manufactured exports in 2007 
(Chu et al., 2009). In Malaysia, wastewater from the textile industry accounts for 
22% of the total volume of industrial wastewater produced (Zahari, 2008). Textile 
industry and many others such as food, paper, carpet, rubber, cosmetic and plastic use 
dye in colouring their products. Commercially, there are more than I 00,000 available 
dyes with a production of more than 7x I 05 metric tons per year. It is estimated that 
I 0-15% of the dye is lost to waste streams during the dyeing process in the textile 
industry (AI-Ghouti et al., 2003; Pearce et al., 2003). Due to their chemical structure, 
dyes are non-biodegradable and resistant to heat, light, many chemicals and oxidising 
agents, and therefore difficult to decolourise once released into the aquatic 
environment (Robinson et al., 2002). Dyes can accumulate in sediment and soil at 
locations of wastewater discharge, and due to leaching from the soil, ground water 
systems are also affected (Namasivayam and Sumithra, 2005). Some dyes are 
mutagenic and carcinogenic and can cause severe damage to humans such as 
dysfunction of the kidney, reproductive system, liver, brain and central nervous 
system (Kardievelu et al., 2003). 
Dye waste treatment has been the target of concern in the last few years, not only 
because of the toxicity of the dyes but also due to their visibility (Aksu and Tezer, 
2005). Treatment methods such as chemical oxidation, ion exchange, evaporation, 
reverse osmosis and chemical precipitation have the disadvantages of high capital and 
operational cost and disposal of the residual sludge (Sharma and Forester, 199~). 
Adsorption is considered to be superior to other treatment methods due to its 
simplicity of design and ability to treat dyes in more concentrated forms, and is 
inexpensive compared to other treatment methods and insensitive to toxic substances 
(Thinakaran et al., 2008). Activated carbon has been proven to be an effective 
adsorbent for the removal of a wide variety of organic and inorganic pollutants 
dissolved in aqueous media, or from gaseous environments. Due to exceptionally 
high surface area, which range from 500-1500 m2/g and internally well developed 
microporous structure as well as the presence of a wide spectrum of surface functional 
groups, it is widely used as an adsorbent in the treatment of wastewater (Chingombe 
et al., 2005). Many textile industries use activated carbon for the treatment of dye 
waste (Tunali et al., 2006). However, due to high cost, use of activated carbon is 
limited and there is a need to produce low-cost activated carbon from locally available 
agricultural solid waste material which is effective for adsorptive removal of dye 
waste. 
In recent years, low-cost, renewable, and easily available agricultural and/or 
plant-based material, such as corncob wastes (Wu et al., 2001), coir pith (Santhy and 
Selvapathy, 2006), sawdust (Garg et al., 2004), rice husk (Guo et al., 2003), bagasse 
(luang et al., 2002; Valix et al., 2004), peach stone (Gercel et al., 2009), silk cotton 
hull, coconut tree sawdust, banana pith, maiz cob and sago waste (Kardievelu et al., 
2003) have been used as a source in the production of activated carbon for the 
treatment of textile dye waste. 
1.1 Problem Statement 
Treatment of textile dye waste has been the target of serious attention due to its 
potential hazardous effect on environment and human beings such as dysfunction of 
kidney, reproductive system, liver, brain and central nervous system. Various 
treatment methods such as chemical oxidation, ion exchange, evaporation, reverse 
osmosis and chemical precipitation have been applied for removal of dyes from dye 
waste. However, high maintenance and required appropriate facilities limit the use of 
these methods. Adsorption is an effective method for removal of various pollutants 
from aqueous solution and is also one of the most economical alternative methods for 
the treatment of dye waste. Adsorption by activated carbon is commonly accepted to 
be the best available technique for dye removal, but due to its high cost, use of 
activated carbon is limited (Vieira et al., 2009). Coconut coir, an agricultural solid 
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waste is rich in lignin (16-45%), hemicellulose (24-47%) and pectin (2%) content 
(Han and Rowell, 1996; Conrad and Hansen, 2007). In Malaysia, coconut coir is 
available free of cost in large quantity from the coconut oil and desiccated products 
industries. The preparation of activated carbon from this agricultural solid waste 
would not only be economical but also solve the solid waste disposal problem. 
1.2 Objectives of Study 
The main objectives of the study are to prepare activated carbon from coconut coir 
and to determine its effectiveness in removing four different classes of textile dye 
from aqueous solution and in textile dye waste treatment. The specific objectives are: 
I. To prepare coconut coir activated carbon (CCAC) and characterise CCAC 
and a commercial activated carbon (CAC) for various physical and 
chemical parameters. 
2. To compare the effectiveness of CCAC and CAC in adsorptive removal of 
different classes of textile dyes from aqueous solution. 
3. To compare the textile dye adsorption capacity of CCAC with that of 
CAC. 
4. To evaluate the effectiveness of CCAC in the treatment of a textile dye 
waste. 
1.3 Scope of Study 
In this study, activated carbon was prepared from an agricultural solid waste, coconut 
coir. The coconut coir activated carbon (CCAC) and a commercial activated carbon 
(CAC) were characterised for various physical and chemical parameters. Batch 
adsorption test for dye removal for four different classes (Reactive, Acid , Direct and 
Disperse) of textile dyes were carried out with respect to the effect of initial dye 
concentration, contact time, pH and carbon dose. The equilibrium adsorption data 
were fitted to the Freundlich and Langmuir isotherm models and the constants were 
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evaluated. A kinetic study for adsorption of dye by CCAC and CAC was carried out 
by using two models i.e. the pseudo-first-order and pseudo-second-order. The 
effectiveness of CCAC in the treatment of a textile dye waste was evaluated through 
fixed bed downflow column test. 
1.4 Thesis Organization 
The thesis has been organised into the following five chapters: 
Chapter I introduces textile dyes and dye waste treatment. Problem statement, 
objectives and scope of the study are also included in this chapter. 
Chapter 2 presents a brief review of textile dyes, classification of textile dyes and 
textile dyeing and dye waste. The available methods for the treatment of dye waste 
are included. Adsorption phenomenon and activated carbon are also discussed. 
Chapter 3 presents the methodology of the study - coconut coir activated carbon 
(CCAC) preparation, characterisation of CCAC and commercial activated carbon 
(CAC), textile dyes and dye waste, batch adsorption test and column test. 
Chapter 4 describes the results of characterisation of CCAC and CAC, adsorptive 
removal of textile dyes by CCAC and CAC, adsorption isotherm, kinetic study and 
column test for textile dye waste treatment, followed by discussion. 
Chapter 5 summarises the results and findings of the study with conclusions, and 
suggestions for future work are outlined. 
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2.0 Chapter Overview 
CHAPTER2 
LITERATURE REVIEW 
This chapter presents a brief review of textile dyes, classification of textile dyes, 
textile dyeing and dye waste, and dye waste treatment. Adsorption phenomenon, 
activated carbon and coconut coir are also discussed. 
2.1 Textile Dyes 
Dyes are coloured organic compounds, which have the property of imparting colour 
to other materials such as textile fibers, plastics, etc. It is essential for the dye to have 
a suitable colour and capable of being fixed to the surface to be dyed. Also, the 
colour of the dyed material should not be affected on prolonged exposure to light, 
water and soap, i.e. the dye must have fastness properties. 
In the past when there was no industry on synthetic dyes, colouring matter 
obtained from plants and animals were used for dyeing fibers. For example, indigo 
from Indigo tinctoria and alizarin from Madder roots have been used as dyes since the 
advent of civilization. Until the middle of nineteenth century dyes were obtained 
from vegetables or in case of cochineal from insects. Presently, many of the dyes are 
prepared synthetically by organic chemists. The revolution of synthetic dyes 
preparation began in 1856 when W.H Perkin discovered the dye, aniline purple, in the 
course of research which was an attempt to synthesize the drug quinine. Presently, 
large numbers of synthetic dyes are available, but still the search for better dyes is 
going on because each new fiber appears to present a new problem for the dyer 
(Yadav, 2002). 
The scale and growth of the dye industry has been inextricably linked to that of 
the textile industry. World textile production has grown steadily to an estimated 
35 x I 06 tons in 1990. The two most important textile fibers are cotton, the largest, 
and polyester. Consequently, dye manufactures tend to concentrate their efforts on 
producing dyes for these two fibers. The estimated world production of dyes in 1990 
was I x I 06 tons. The figure is significantly smaller than that for textile fibers 
because the amount of the dye required per ton of fiber is small. For example, I ton 
of dye is sufficient to colour 42,000 suits (Hunger, 2003). 
2.2 Classification of Textile Dyes 
Textile dyes can be classified according to their origin, substance to which they are 
applied on (e.g. cotton, silk, wool, etc.), methods of application and chemical 
structure. However, classification based on method of application and on chemical 
structure are more important. The classification based on chemical structure is useful 
for chemists. However, a particular dye could be grouped in more than one group. 
Also, certain larger groups of dyes e.g. azo and anthraquinone dyes may be further 
classified according to their dyeing properties (Yadav, 2002). 
Classification of dyes based on the method of application is the principle system 
adopted by the colour index (Hunger, 2003 ). Classifications of dyes according to 
method are described in the following sections: 
2.2.1 Reactive Dyes 
This class of dyes, first introduced commercially in 1956, made it possible to achieve 
extremely high washfastness properties using relatively simple dyeing methods. 
These dyes form a covalent bond with the fiber, usually cotton, although they are used 
to a small extent on wool and nylon. The principle chemical classes of reactive dyes 
are azo, triphendioxazine, phthalocyanine, formazan and anthraquinone (Hunger, 
2003). 
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2.2.2 Disperse Dyes 
Disperse dyes are substantially water insoluble nonionic dyes applied to hydrophobic 
fibers from aqueous dispersion. These dyes are used mostly on polyester and to a 
lesser extent on nylon, cellulose, cellulose acetate, and acrylic fibers (Hunger, 2003). 
2.2.3 Direct Dyes 
Direct dyes are water soluble anionic class of dyes. These dyes form aqueous 
solution in the presence of electrolytes and have high affinity for cellulosic fibers. 
The principle use of these dyes is the dyeing of cotton and regenerated cellulose, 
paper, leather, and to a lesser extent, nylon (Hunger, 2003). 
2.2.4 Vat Dyes 
Vat dyes are water insoluble. These are mainly applied to cellulosic fibers as soluble 
leuco salts after reduction in alkaline bath, usually with sodium hydrogensulfite. The 
principle chemical classes of vat dyes are anthraquinone and indigoid (Hunger, 2003). 
2.2.5 Sulfur Dyes 
Sulfur dyes are applied to cotton from an alkaline reducing bath with sodium sulfide 
as reducing agent. Numerically, this is a relatively small group of dyes. The low cost 
and good washfastness properties of the dyeing make this class important from an 
economic point of view (Hunger, 2003). 
2.2.6 Cationic (Basic) Dyes 
Cationic dyes are water soluble and applied to paper, polyacrylonitrile, modified 
nylons and modified polysters. The original use of these dyes was for silk, wool and 
tannin-mordanted cotton when brightness of shade was more important than fastness 
to light and washing. Basic dyes are water soluble and yield colored cations in 
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solution. Due to this reason they are frequently referred to as cationic dyes. Some 
basic dyes show biological activity and are used in medicine as antiseptics (Hunger, 
2003). 
2.2.7 Acid Dyes 
Acid dyes are water soluble anionic dyes and applied to nylon, wool, silk and 
modified acrylics. They are also used to some extent for paper, leather, ink-jet 
printing, food and cosmetics (Hunger, 2003). 
2.2.8 Solvent Dyes 
These water insoluble but solvent soluble dyes are devoid of polar solubilizing groups 
such as sulfonic acid, carboxylic acid or quaternary ammonium. They are used for 
colouring plastics, gasoline, oils and waxes. The dyes are predominantly azo and 
anthraquinone, but phthalocyanine and triarylmethane dyes are also used (Hunger, 
2003). 
2.3 Textile Dyeing and Dye Waste 
Dyeing is the application of colour to the textile material with some degree of 
colorfastness, and may take place at any of several stages in the manufacturing 
process with continuous and batch processes. Dyeing is basically a mass transfer 
mechanism where the dye diffuses in solution, adsorbs onto the fiber surface, and 
finally, within the fiber. Many types of dyeing machines are used for both continuous 
and batch processes. There are four basic steps involved in the dyeing process: 
dissolving or dispersing dye; diffusing dye onto the fiber surface; absorbing dye onto 
the fiber surface; and diffusing dye into the fiber (US EPA, 1998). 
In batch dyeing process, the dye liquor is moved through the goods or the goods 
move through the dye liquor. During the entire period of dyeing process the textile 
material is immersed in the dyebath. During batch dyeing, a certain amount of textile 
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substrate, usually 220 to 2200 lb, is loaded onto a dyeing machine and is brought to 
equilibrium or near equilibrium with a solution containing the dye. Once immersed in 
the dyebath, because the dyes have an affinity for the fibers, the dye molecules leave 
the dye solution and enter the fibers over a period of minutes to hours (US EPA, 
1998). 
Continuous dyeing processes typically consist of dye application, dye fixation 
with chemicals or heat, and washing. In this process of dyeing, the fabric is immersed 
in a relatively concentrated dyebath for a short time and this process is usually used 
for long runs of polyester/cotton fabrics. Concentrated solution of dyes and chemicals 
are moved evenly and uniformly to the goods with thorough penetration. Dye fixation 
on fiber occurs much more rapidly in continuous as compared to batch dyeing 
process. When fabrics are dyed, they are then dried in ovens or tenter frames. 
Various classes of dyes can be used as powders, granules, pastes, liquid dispersions, 
and solutions. In these processes various combinations of chemical auxiliaries and 
process conditions (temperature and pressure) may be used to better fix the dye on the 
fabric or impart specific characteristics. For example, a dye bath may contain the 
dyestuffs along with appropriate auxiliaries such as wetting agents and also specific 
chemicals such as acetic acid or sodium hydroxide (US EPA, 1998). 
The textile industry consumes large volume of water and is one of the largest 
producers of industrial wastewater (Thinakaran et al., 2008). It is estimated that 
I 0 - 15% of the dye is lost to waste streams during the dyeing process in the textile 
industry (Al-Ghouti et al., 2003; Pearce et al., 2003). The dye waste from the textile 
industry has high pH, alkalinity and temperature, contains high concentration of 
organic matter, non-biodegradable matter, toxic substances, detergent and soaps, oil 
and grease, sulfide, acidic or caustic dissolved solids and different dyes (Gao et al., 
2007; Vieira et al., 2009). Due to their chemical structure, dyes are non-
biodegradable and resistant to heat, light, many chemicals and oxidising agents, and 
therefore difficult to decolourise once released into the aquatic environment 
(Robinson et al., 2002). Dyes can accumulate in sediment and soil at locations of 
wastewater discharge and due to leaching from the soil, ground water systems are also 
affected (Namasivayam and Sumithra, 2005). Some dyes are mutagenic and 
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carcinogenic and can cause severe damage to humans such as dysfunction of the 
kidney, reproductive system, liver, brain and central nervous system (Kardievelu et 
al., 2003). Dyes may have the potential to significantly affect photosynthesis activity 
in aquatic life reducing light penetration and can also be toxic to aquatic life due to 
the presence of aromatics, metals, cholorides, etc in them (Aksu and Tezer, 2005). It 
is evident therefore that removal of such colored substances from the dye waste is of 
significant environmental, technical and commercial importance (Demirbas et al., 
2008). 
2.4 Dye Waste Treatment 
Few decades earlier, not much attention was given about the selection of dyes, its 
application and use with respect to their environmental problems. Even the chemical 
composition of half of the dyes used in the industry was unknown. With the growing 
concern on health and also on aesthetic grounds, it was from the 80s that people 
started paying much attention to the dye and dye waste. In the last few years more 
information on the environmental consequences of dyestuff usage has become 
available and the dye manufacturers, users and government are taking substantial 
measures to treat the dye waste (Gupta and Suhas, 2009). There are many methods 
for the treatment of dye waste, all of which have some advantages and disadvantages. 
2.4.1 Coagulation/Flocculation 
In coagulation/flocculation method, colloidal particles and very fine solids initially 
present in a wastewater are destabilized by a coagulant and the destabilized particles 
come into contact with each other to form large agglomerates that can be separated 
through sedimentation, filtration, centrifugation or other separation methods 
(Ching eta!., 1994). The coagulation/flocculation is a widely used method and full 
decolourization of dye waste is possible by this method (Papic et al., 2004). The 
method is very complicated which involves a series of physical-chemical interactions. 
The type of coagulant used can play an important role in the removal of the target 
pollutants. Aluminum and ferric-based salts, such as alum, aluminum chloride, ferric 
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chloride and ferric sulfate, are the commonly used traditional coagulants (Shi et al., 
2007). The coagulation/flocculation method as a wastewater treatment technique for 
a dye waste of dyeing cotton/polyamide blends with reactive and acid dyes was 
studied. It was observed that a combination of aluminium sulphate and a cationic 
organic flocculant provided an effective treatment of the dye waste and almost 
complete decolourisation was achieved. The mam advantage of 
coagulation/flocculation method is the decolourization of the dye waste due to the 
removal of dye molecules and not due to a partial decomposition of dyes, which can 
produce an even more potentially harmful and toxic aromatic compound. The major 
disadvantage associated with coagulation/flocculation method is the production of 
sludge (Golob et al., 2005). 
2.4.2 Oxidation 
Oxidation is a method by which dye waste is treated by using oxidising agents. Due 
to its low required quantity and short reaction time this is the most commonly used 
method for decolourization. This method is used to partially or completely degrade 
the dyes, generally to lower molecular weight species such as aldehydes, 
carboxylates, sulfates and nitrogen. However, a complete oxidation of dye can 
theoretically reduce the complex molecules to carbon dioxide and water. The pH and 
catalysts play an important role in oxidation process (Gupta and Suhas, 2009). The 
main oxidising agent in oxidation process is normally hydrogen peroxide, which 
needs to be activated due to its stability in pure form (Slokar and Marechal, 1997). 
Fenton process is a suitable method for the oxidation of wastewaters which inhibit 
biological treatment or are poisonous to live biomass (Slokar and Marechal, 1997). 
Fenton process is based on ferrous ions, hydrogen peroxide and hydroxyl radicals 
produced by the catalytic decomposition of hydrogen peroxide in acidic solution 
(Chamarro et al., 2001). This method not only removes colour, but also chemical 
oxygen demand (except with reactive dyes) and total organic carbon, and toxicity is 
also reduced. The method is also applicable even with high-suspended solids 
concentration and is preferred for wastewater treatment when a municipality allows 
the release of Fenton's sludge into the sewage. From a biological point of view, it is 
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believed that not only the quality of the sludge is improved, but the phosphates can 
also be eliminated (Cheng et al., 2004). Fenton process has been reported to be 
effective in the treatment of refractory industrial wastewaters, 95% decolourization 
for three dyes in aqueous solution were achieved (Lodha and Chaudhari, 2007) and 
95% of the COD was removed for carpet dyeing wastewater (Gulkaya et al., 2006). 
Degradation of three azo dyes azobenzene, methyl orange and p-methyl red by the 
Fenton process were studied. It was found that the process in not only efficient for 
the removal of colour from dye waste but also removed COD (Guivarch et al., 2003). 
The disadvantages of the Fenton process are that it is usually effective within narrow 
pH range of <3.5, produces sludge and takes longer reaction time (Cheng et al., 2004). 
In photo-Fenton process, additional reactions occur in the presence of light that 
produce and increase hydroxyl radicals, which increase efficiency of the process 
(Pignatello et al., 1999). The combination of Fenton reaction in UV light (photo-
Fenton reaction) had been shown to enhance the efficiency of the Fenton process and 
had been found to be effective for the treatment of dye waste (Bandala et al., 2008). 
The main advantage of the photo-Fenton process is that it offers a cost-effective 
source of hydroxyl radicals and it is easy to operate and maintain (Neamtu et al., 
2003). A study on the photochemical decolourization of chlorotriazine reactive azo 
dye Reactive Orange 4 by Fenton and photo-Fenton processes was carried out. The 
effects of solution pH, applied H202 and Fe2+ dose, and UV light intensity were 
studied and it was found that the increase of initial dye concentration decreasesd 
removal rate of the dye. The authors concluded that under optimum conditions, the 
photo-Fenton process is more efficient than the Fenton process (Muruganandham and 
Swaminathan 2004). 
Photochemical (H202-UV radiation) method degrades the dye molecule to carbon 
dioxide and water (Yang et al., 1998; Peralto-Zamora et al., 1999). The UV light 
activates the destruction of H202 into hydroxyl radicals which cause the chemical 
oxidation of organic materials (Robinson et al., 200 I). The only chemical used in the 
treatment is H202, which, due to its final decomposition into oxygen, is not 
problematic. The H202, intensity of UV irradiation, pH, dye structure and dyebath 
composition are some of the factors which influence this method of dye waste 
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treatment (Slokar and Marechal, 1997). 
The use of ozone was first started in the early 1970s for treatment of wastewater. 
Ozone is a very powerful oxidising agent due to its instability. The oxidation 
potential of ozone is + 2.07 V compared to that of chlorine, which is + 1.36 V. 
Ozonation for decolourisation of reactive dyes was studied. It was observed that 
colour removal of the effluent was achieved in 5 min of contact time for yellow and 
blue shades at an ozone consumption of 37.5 and 36 mg!L, respectively and ozonation 
was efficient in decolourization of exhausted dye bath waste containing conventional 
reactive dyes (Sundrarajan et al., 2007). One of the major advantages of this method 
is that ozone can be applied in gaseous form which therefore does not increase 
volume and sludge of wastewater (Robinson et al., 2001 ). The disadvantage of using 
ozone for wastewater treatment is its short half-life in water, which is typically about 
20 min and if dyes are present, the time can be significantly shortened. Presence of 
salts, pH and temperature affect the stability of ozone. If alkaline salts are present, the 
solubility of ozone is reduced, while neutral salts may increase its solubility 
(Mallevialle, 1982). This method also does not significantly remove COD 
(Sundrarajan et al., 2007). 
Electrochemical destruction is a relatively new method and developed in the mid 
1990s. It is an effective method for the removal of dye. In this method, there is little 
or no consumption of chemicals (Robinson et al, 200 I). Decolourization can be 
achieved either by electro oxidation with non-soluble anodes or by electro-
coagulation using consumable materials. Lopes et al. (2004) observed a colour 
removal of 83-100% for Direct Red 80 using three different electrodes: iron, 
polypyrrole doped with chromium and boron-doped diamond electrode. This method 
is effective for the decolourization of soluble and insoluble dyes along with reduction 
of COD. The main disadvantages associated with this method are high electricity cost 
and sludge production and also pollution from chlorinated organics and heavy metals 
due to indirect oxidation (Gupta and Suhas, 2009). 
Treatment of dye waste by means of chemical oxidation is also possible with 
chlorine compounds. In this method, the amino group of the dye is attacked by 
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chlorine, which initiates and accelerates the subsequent azo bond cleavage (Slokar 
and Marechal, 1997). Namboodri et al. (1996) satisfactorily decolourised acid and 
direct dyes, but the method was not suitable for disperse dyes. Dyes containing amino 
or substituted amino groups on the naphthalene ring, i.e. dyes derived from 
aminonaphthol- and naphthylamine-sulphonic acids are most favourable for chlorine 
decolourization (Omura, 1994). The main disadvantage of this method due to which 
it is becoming less frequent is the discharge of aromatic amines which are 
carcinogenic or otherwise toxic molecules (Banal et al., 1996). 
2.4.3 Cucurbituril 
Chemical structure of cucurbituril was evaluated in 1980s by Freeman et al. (1981). 
Cucurbituril, so named became of its structure (Fig. 2.1) is shaped like a pumpkin 
(a member of plant family Cucurbitaceae). It is a cyclic polymer of glycoluril and 
formaldehyde (Karcher et al., 1999 a, b). Affinity and selectivity of cucurbituril for 
arious types of textile dyes has reported (Buschmann, 1992). Cucurbituril can be used 
as an aqueous solution or in the solid state. Irrespective of the form in which it is 
used, almost complete decolourization can be achieved with all dye classes (reactive, 
direct, acid, basic, disperse). Variations in decolourisation rate from dye to dye may 
be due to the fact that the dye molecule does not form strong complexes with 
cucurbituril or the solubility of the formed complexes is too high. The major 
advantage of cucurbituril waste treatment is that other organic substances present in 
the waste do not interfere with the formation of complexes. The major disadvantage 
of this method is the cost (Siokar and Marechal, 1997). 
Fig. 2.1 Chemical structure of cucurbituril 
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2.4.4 Biological Methods 
Biological methods are commonly used for treatment of many waste. The advantage 
of a biological method is that over 70% of the organic material measured by the COD 
test may be converted to biosolids (Anjaneyulu et at., 2005). Also, relatively 
inexpensive, having low running cost and the end products of complete mineralization 
not being toxic are some of the advantages of biological method in treatment of dye 
waste. Bacteria and fungi are the two microorganism groups that are widely used in 
biological method for the treatment of dye waste. 
2.4.4.1 Aerobic Method 
A study was carried out on the microaerophilic-aerobic sequential 
decolourisationlbiodegradation of textile azo dyes. Four different azo dyes were 
decolourised and biodegraded in a sequential microaerophilic-aerobic treatment by a 
facultative Klebsiella sp. strain VN-31, a bacterium isolated from activated sludge 
process of the textile industry. Under microaerophilic conditions, dye decolourization 
was carried out until no colour was observed and then the medium was aerated to 
promote the biodegradation of the amines produced. Total organic carbon (TOC) and 
dye reduction was 50% in the microaerophilic stage and 80% in the aerobic stage. 
The results showed that the successive microaerophilic/aerobic stages, using a single 
Klebsiella sp. strain VN-31 in the same bioreactor, were able to form aromatic amines 
by the reductive breakdown of the azo bond and to oxidise them into non-toxic 
metabolites (Franciscon et at., 2009). 
Decolourisation of textile azo dyes by isolated halophilic and halotolerant bacteria 
was studied Among the 27 strains of halophilic and halotolerant bacteria isolated 
from effluents of textile industry, three showed remarkable ability in decolorizing the 
widely utilized azo dyes. After 4 days of incubation in static culture, the three strains 
were able to decolourise azo dyes in a wide range of sodium concentration, 
temperature and pH. These strains also readily grew in and decolourised the high 
concentrations of dye (5000 ppm) and could tolerate up to I 0,000 ppm of the dye. 
UV-Vis analyses before and after decolourisation and the colourless bacterial biomass 
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after decolourisation showed that decolourisation was due to biodegradation, rather 
than inactive surface adsorption. Analytical studies showed that decolourization was 
due to reduction of the azo bond, followed by cleavage of the reduced bond (Asad et 
al., 2007). 
In recent years, there has been an intensive research on fungal decolourisation of dye 
waste. It is becoming a promising alternative to replace or supplement present 
treatment processes (Fu and Viraraghavan, 2001). White-rot fungi produce a wide 
variety of extracellular enzymes (laccase, lignin peroxidase, phenol oxidase, Mn-
dependent peroxidase and Mn-independent peroxidase) that decompose the highly 
stable natural lignin, hemicellulose, cellulose, etc. Because of their high 
biodegradation capacity, they are of considerable biotechnological interest, and their 
application in the decolourisation process of dye waste has been extensively 
investigated (Young and Yu, 1997). 
2.4.4.2 Anaerobic Method 
Anaerobic method occurs naturally in the lower layers of sediments in lakes and 
ponds, river beds and estuaries and during treatment of sewage sludges. In this 
method any material released to the environment which is slightly soluble in water or 
strongly adsorbable on solids, becomes available as a potential substrate for anaerobic 
organisms. In the first step, acidogenic bacteria convert organics such as 
carbohydrates, fats or proteins into metabolites of low molecular weight mainly 
alcohols and short-chain fatty acids. The fermentation products resulting from the 
first step subsequently utilize acetogenic bacteria and produce acetate, carbon dioxide 
and molecular hydrogen and finally, methanogenic bacteria reduce acetate and carbon 
dioxide to methane (Slokar and Marechal, 1997). A major advantage of anaerobic 
method apart from the decolourization of dye waste is the production of biogas. 
Biogas is used to provide heat and power which reduce energy costs (Bras et al. 
2005). However, the disadvantages are that BOD removal can be insufficient, dyes 
and other refractory organics are not mineralized, nutrients such as nitrogen and 
phosphorus are not removed and sulfates give rise to sulfide (Delee et a!., 1998). 
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A study was conducted for the decolourisation of two commercially important azo 
dyes, Acid Orange 7 and Reactive Black 8 under anaerobic condition in wastewater. 
The dye concentration in the dye waste was maintained at I 00 mg/L. The reactors 
were operated for 58 days and it was found that both dyes were easily decolourised 
under the experimental conditions employed. Colour removal of more than 99% was 
achieved , while COD removal of up to 95, 92 and 94% were achieved for Acid 
Orange 7 and Reactive Black 8, respectively (Manu and Chaudhari, 2002). 
Anaerobic digestion method was applied to azo-reactive dye aqueous solutions 
and cotton textile wastewater for the removal of colour. An acclimatized acetate -
consuming bacteria derived from the anaerobic digester sludge of a municipal 
wastewater treatment plant and batch-mode water-jacketed anaerobic reactor were 
used in this study. Acetic acid solution and a pH-controller were used to maintain the 
pH at the desired level (6.6-7.2) while the temperature was kept constant at 37°C 
using an external water-bath. Complete decolourization of all dye solutions were 
achieved in 4-5 days of experimental run. The biodegradation of cotton textile 
wastewater was also examined without the addition of external substrate (acetic acid), 
which showed poor decolourization results. However, anaerobic digestion of the 
same wastewater using the acetate-consuming bacteria and acetic acid as an external 
substrate supply resulted the complete decolourization of the wastewater in 4 days of 
experiment (Georgiou et al., 2004). 
2.4.4.3 Combined Aerobic-Anaerobic Method 
Anaerobic systems reduce the colour intensity of dye waste more satisfactorily than 
the aerobic processes, but the intermediate products are carcinogenic aromatic amines 
which need to be further decomposed by an aerobic treatment (Panswad and 
Luangdilok, 2000). In order to achieve better remediation of coloured compounds 
from the dye waste, a combination of aerobic and anaerobic treatment is suggested for 
satisfactorily results. An advantage of this method is the complete mineralization 
which is often achieved due to the combined action of different organisms (Stolz, 
2001). 
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The combined anaerobic-aerobic method for the treatment of a simulated textile 
industry dye waste was conducted. The azo dye and starch concentrations were 
varied in a series of I week experiments to determine the effect of starch: dye ratio on 
COD, BOD and colour removal. According to the results, the treatment efficiency of 
the system at 1.9 giL starch and 0.15 giL dye remained constant over 130 days. Most 
colour removal occurred in the upflow anaerobic sludge blanket (UASB) reactor and 
the BOD: COD ratio of (UASB) reactor effluent increased by up to 4 7%. The 
maximum overall COD removal was 88% and the BOD removal was up to 99%. A 
maximum of 77% overall colour removal was achieved with starch and dye 
concentrations of 3.8 and 0.15 giL respectively. Decolourisation occurred mainly in 
the aerobic process. Authors recommended that if colour removal efficiency 
decreased, carbohydrate should be added to the anaerobic reactor (O'Neill et al., 
2000). 
Although biological methods for treatment of dye waste are inexpensive and 
suitable for a variety of dyes, the main disadvantages associated with the methods are 
low biodegradability of the dyes, less flexibility in design and operation, larger land 
area and longer time requirement for decolourisation-fermentation processes, thereby 
making it incapable of removing dyes from the waste on a continuous basis 
(Bhattacharyya and Sarma, 2003; Crini, 2006; Robinson et al., 200 I). 
2.4.5 Ion Exchange 
Ion exchange is basically a reversible chemical process in which an ion from solution 
is exchanged for a similarly charged ion attached to an immobile solid particle (Gupta 
and Suhas, 2009). In this method, dye waste is passed over the ion exchange resin 
until the available exchange sites are saturated. Employing this method, both cationic 
and anionic dyes can be removed successfully. No loss of resin on regeneration, 
reclamation of solvent after use and the removal of soluble dyes are some of the 
advantages of the ion exchange method. The disadvantages of the method are its high 
operation cost and organic solvents are expensive, and the method is not very 
effective for disperse dyes (Mishra and Tripathy, 1993). The efficiency of several 
commercial products (zeolites, polystyrene resins, ion exchangers, and granulated 
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ferric hydroxide) for the removal of reactive dye was tested and it was found that 
anion exchange resins were most effective (Karcher et al., 200 l) 
The removal of methyl violet, a cationic dye, from dye waste using two kinds of 
strong-acid cation exchange membranes, ICE 450 supported with sulfonic acid groups 
and PSI with phosphate groups was carried out. In the batch process, the adsorption 
isotherm results showed that the PSI membrane exhibited a greater maximum 
adsorption capacity than the ICE 450 membrane. However, the ICE 450 exhibited 
stronger and faster dye adsorption behaviors. Different desorption solutions were 
tested in the batch desorption process and, for both membranes, the best desorption 
performance (100%) was achieved with an aqueous solution containing IM NaCl in 
60% methanol. The performance of both membranes remained practically unchanged 
during three successive cycles of dye adsorption and desorption. A synthetic dye 
wastewater made up of 0.03 giL methyl violet and 2 giL Na2S04 at pH 3 and I 00°C 
was prepared and treated by both membranes in the membrane chromatography 
process. The extent of dye removal was decreased to S4-93% for the PSI membrane, 
which may be attributable to either salt ion competition or pH influence (Wu et al., 
200S). 
2.4.6 Adsorption 
All the methods used for the treatment of dye waste have different colour removal 
capabilities, capital costs and operating rates. Among these methods, adsorption has 
been found to be superior to other techniques for dye waste treatment in terms of 
initial cost, simplicity of design, ease of operation and insensitivity to toxic substances 
(Amin, 2009). Activated carbon is the most widely used adsorbent for the adsorption 
process because activated carbon has a large surface area and high adsorption 
capacity. Many textile industries use activated carbon for the treatment of dye waste 
(Tunali et al., 2006). However, due to high cost use of commercial activated carbon 
is limited and its feedstock is nonrenewable. Low-cost activated carbons from waste 
material have been produced and used in adsorptive removal of dyes and in dye waste 
treatment. Table 2.1 is a summary of activated carbon and adsorbent prepared from 
agricultural waste material and used in experimental studies on adsorptive removal of 
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textile dyes. Many of the adsorbents showed high adsorption capacity for textile 
dyes, especially those prepared from durian peel, rice hull, cotton plant waste, maiz 
cob, hazelnut shell and walnut saw dust. 
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Table 2.1 Activated carbon and adsorbent prepared from agricultural waste material for adsorptive removal of textile dye 
Adsorbent Dye Surface area (m 2/g) Adsoption capacity (mg/g) Reference 
AC-Sugarcane Acid Orange I 0 790 5.78 Tsai et al. (200 I) 
AC-Apricot shell Basic Blue 9 783 4.11 Aygun et al. (2003) 
AC-Hazelnut shell Basic Blue 9 793 8.82 Aygun et al. (2003) 
AC-Walnut shell Basic Blue 9 774 3.53 Aygun et al. (2003) 
AC- Coffe grounds Acid Blue 640 3.57 Namane et al. (2005) 
AC- Coffe grounds Basic Yell ow 640 10 Namane et al. (2005) 
AC-Sugarcane Reactive Orange - 1.80 Am in (2008) 
bagasse pith 
Durian peel Acid Dye - 63.29 Hameed and Hakimi 
(2008) 
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Dye Surface area (m2/g) 
Malachite Green 158 
Reactive Orange 16 
Remazol Black 
Remazol Black 
Direct Blue 86 
Congo Red -
Acid Violet -
Adsoption capacity (mg/g) Reference 
8.49 Zhang et al. (2008) 
60.24 Ong et al. (2007) 
35.7 Tunc et al. (2009) 
50.9 Tunc et al. (2009 
20.16 Nemr et al. (2009) 
6.7 Namasivayam and 
Kavitha (2002) 
1.6 Namasivayam et al. 
(200 I.) 
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Table 2.1 Activated carbon and adsorbent prepared from agricultural waste material for adsorptive removal of textile dye (contd.) 
Adsorbent Dye Surface (m2/g) Adsoption capacity (mg/g) Reference 
Banana peel Basic Blue 9 20.6-23.5 20.8 Annadurai et al. (2002) 
Banana peel Basic Voilet 10 20.6-23.5 20.6 Annadurai et al. (2002) 
Orange peel Methyl Orange 20.6-23.5 20.5 Annadurai ET al. (2002) 
Egyptian bagasse Acid Red 114 
-
20 Chen et al. (200 I) 
pith 
Neem sawdust Basic Voilet 28 
-
3.78 Khattri and Singh ( 1999) 
Neem sawdust Basic Green 4 - 3.42 Khattri and Singh (1999) 
Maiz cob Acid Blue 25 - 41.4 El-Geundi and Aly (1992) 
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Table 2.1 Activated carbon and adsorbent prepared from agricultural waste material for adsorptive removal of textile dye 
Adsorbent Dye Surface (m2/g) Adsoption capacity (mg/g) Reference 
Banana peel Methyl Orange 20.6-23.5 21 Annadurai et al. (2002) 
Saw dust-walnut Acid Blue 25 - 36.98 Ferrero (2007) 
Saw dust-cherry Acid Blue 25 - 31.98 Ferrero (2007) 
Saw dust-oak Acid Blue 25 - 27.85 Ferrero (2007) 
Saw dust-pitch Acid Blue 25 - 26.19 Ferrero (2007) 
Coir pith Acid Brilliant Blue 
- 16.6 Namasivayam et al. (200 I a) 
AC =activated carbon 
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2.5. Adsorption Phenomenon 
The phenomenon of adsorption was first observed by C. W. Scheele in 1773 for gases 
and subsequently for solutions by Lowitz in 1785. Adsorption is a significant 
phenomenon in most natural physical, chemical and biological processes. Adsorption 
involves the interphase accumulation or concentration of substances at a surface or 
interface. The process can occur at an interface between two phases, such as liquid-
liquid, gas-liquid, gas-solid or liquid-solid interface. The material being concentrated 
or adsorbed is called adsorbate, and the adsorbing phase is called adsorbent. 
Adsorption is a process in which the molecules or atoms of one phase interpenetrate 
nearly uniformly among those of another phase to form a solution with the second 
phase. The term sorption, which includes both adsorption and absorption, is an 
expression for a process in which a component moves from one phase to be 
accumulated in another, particularly for cases in which the second phase is solid 
(Weber, 1972). 
2.5.1 Types of Adsorption 
Adsorption can be exchange, physical and chemical adsorption (Weber, 1972). 
Exchange adsorption is a process in which ions of one substance concentrate at a 
surface as a result of electrostatic attraction to charged sites at the surface. For two 
potential ionic adsorbates in like concentration and in the absence of other specific 
sorption effect, the charge on the ion is the determining factor for exchange 
adsorption. In a system containing a monovalent ion and a trivalent ion under the 
stated conditions, the influence of kinetic energy to remain in solution phase is the 
same for each, but the trivalent ion is attracted much more strongly towards a site of 
opposite charge on the surface of the adsorbent. For ions of equal charge, molecular 
size determines order of preference for adsorption, the smaller ion being able to 
accomplish closer approach to the adsorption site and thus being favoured. Generally, 
in physical adsorption the attractive forces between adsorbed molecules and the solid 
surface are van der Waals forces and they being weak in nature result in reversible 
adsorption. In this type of adsorption, the adsorbed molecule is not affixed to a 
specific site at the surface but ts, rather, free to undergo translational movement 
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within the interface. Physical adsorption usually occurs at low temperature, and is 
characterised by a relatively low energy of adsorption, that is the adsorbate is not held 
strongly to the adsorbent. In chemical adsorption, the attractive forces are due to 
chemical bonding and the adsorption process is called chemisorption. In view of the 
higher strength of the bonding in chemisorption, it is difficult to remove chemisorbed 
species from the solid surface. Chemical adsorption processes exhibit high energies 
of adsorption, because the adsorbate forms strong localised bonds at active centers on 
the adsorbent. Chemical interaction between the adsorbent and the adsorbates is 
favored by higher temperature, because chemical reactions proceed more rapidly at 
high temperatures as compared to at low temperature (Weber, 1972). 
Most adsorption phenomena are the combinations of the three forms of 
adsorption, that is, the several forces which influence the different types of adsorption 
often interact to cause concentration of a particular solute at an interface. Thus, it is 
generally difficult to distinguish between physical and chemical adsorption 
(Weber, 1972). 
2.5.2 Adsorption Isotherm 
In adsorption in a solid-liquid system, the distribution ratio of the solute between the 
liquid and the solid phase is a measure of the position of equilibrium (Weber, 1972). 
The preferred form of depicting this distribution is to express the quantity q, as a 
function of C. at a fixed temperature, the quantity q, being the amount of solute 
adsorbed per unit weight of the solid adsorbent, and C, the concentration of solute 
remaining in the solution at equilibrium. An expression of this type is termed an 
adsorption isotherm. The adsorption isotherm is a functional expression for the 
variation of adsorption with concentration of adsorbate in bulk solution at constant 
temperature. Mainly, the amount of adsorbed material per unit weight of adsorbent 
increases with increasing concentration. Many types of isothermal adsorption 
relations may occur. The most common relationship between q, and C, obtains for 
systems in which adsorption from solution leads to the deposition of an apparent 
single layer of solute molecules on the surface of the solids. Occasionally, 
multimolecular layers of solute may be adsorbed. 
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Among the adsorption isotherms, Langmuir and Freundlich isotherms are the 
most frequently used by the researchers. The Langmuir adsorption isotherm is valid 
for single layer adsorption and uniform energies of adsorption on the surface. The 
Langmuir isotherm is based on the assumptions that maximum adsorption 
corresponds to a saturated monolayer of solute molecules on the adsorbent surface, 
the energy of adsorption is constant, and that there is no transmigration of adsorbate 
in the plane of the surface (Weber, 1972). The Langmuir adsorption isotherm is 
_ Q·bc, 
q,-l+bC, (Eq.2.1) 
where, Q0 is the number of moles of solute adsorbed per unit weight of adsorbent in 
forming a monolayer on the surface (monolayer adsorption capacity) and b is a 
constant related to the energy of adsorption. 
The two convenient linear forms of the Langmuir equation are 
Ce I C, 
--=-+-bQ. bQ Q. (Eq. 2.2) 
and 
(Eq. 2.3) 
Either of these forms may be used for linearisation of data that accord with the 
Langmuir equation. The form chosen usually depends on the range and spread of the 
data and on the particular data to be emphasised. The Langmuir equation can be used 
for describing equilibrium conditions for adsorption and for providing parameters (Q 0 
and b) with which to quantitatively compare adsorption behaviour in different 
adsorbate-adsorbent systems. 
The Freundlich or Van Bemmelen isotherm, which has been widely used for 
many years and has the general form 
q = K Cu" 
' f ' (Eq. 2.4) 
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where, K1 is the Freundlich constant (adsorption capacity) and 1/n represents the 
adsorption intensity. The Freundlich equation is basically empirical but is often 
useful as a means for data description. Usually data are fitted to the logarithmic form 
of the equation 
logq, = logK1 + (1/n)logC, (Eq. 2.5) 
The Freundlich isotherm involves heterogeneous and reversible adsorption. It is not 
limited to the formation of complete monolayer. 
2.5.3 Adsorption Kinetics 
Kinetic study in adsorption process is very important and useful in order to identify 
the type of adsorption, capacity of adsorbent and adsorption rate of the system. 
Various kinetics models have been used in order to investigate the mechanism of 
adsorption (Nourouzi et al., 2009). Lagergren pseudo-first-order kinetic model and 
pseudo-second-order kinetic models are widely used to describe the adsorption 
process. 
The Lagergren pseudo-first-order model (Nemr et al., 2009) is the earliest known 
equation describing the adsorption rate based on the adsorption capacity. The 
differential equation is generally expressed as 
(Eq. 2.6) 
where, q, and q, are the amounts of solute adsorbed (mg/g) at equilibrium and any 
time 1, respectively; and k1 is the equilibrium rate constant of pseudo-first-order 
kinetics (min' 1). Normally, the experimental data are fitted to following linear form 
I ( kit ogq -q )= logq ---
' ' ' 2.303 (Eq. 2.7) 
In order to get the rate constants, the values of log (q,- qJ are linearly correlated with 
28 
I by plot of log (q,- qJ versus 1 to give a linear relationship from which k, and 
predicted q, can be determined from the slope and intercept of the plot, respectively. 
The differential equation ofthe pseudo-second-order model (Nemr et al., 2009) is 
dq, k ( )' dl = ,q,-q, (Eq. 2.8) 
The experimental data are generally fitted to the following linear form 
(Eq. 2.9) 
where, k2 is the equilibrium rate constant of the pseudo-second-order kinetics 
(g/mg.min). 
2.6 Activated Carbon 
Activated carbon is an amorphous carbon based material prepared to exhibit a high 
degree of porosity and an extended interparticulate surface area. These qualities 
define an activated carbon with excellent adsorbent characteristics useful for a wide 
variety of operations including filtration, purification, deodorisation, decolourisation 
and separation (Bansal et al., 1988). Activated carbon is the final product of an 
activation process of carbonaceous material from different sources and 
with carbon content in the range 72-90%. (Daza et al., 1986). Activated carbon has 
been proven to be an effective adsorbent for the treatment of a wide variety of organic 
and inorganic pollutants dissolved in aqueous media, or from gaseous environments. 
Due to exceptionally high surface area, which range from 500-1500 m2/g and 
internally well developed microporous structure as well as the presence of a wide 
spectrum of surface functional groups, it is widely used as an adsorbent in the 
treatment of wastewater (Chingombe et al., 2005). Activated carbon can be prepared 
by either physical or chemical activation. Physical activation is usually a two-stage 
process i.e. pyrolysis and activation in which gases such as nitrogen, steam, carbon 
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dioxide, air or mixtures of the above are used without the presence of a catalyst 
(Kalderis et al., 2008). 
During pyrolysis which is also called carbonisation, the source material is heated 
to temperatures ranging between 600 and 900°C in the absence of air. The basic 
characteristics of a carbon are established during the pyrolysis, and the ensuing 
activation step must be designed to complement the pyrolysis step. During activation 
step, the oxidising gases increasingly erodes the internal surfaces of carbon, develops 
an extensive and fine network of pores in the carbon, and changes the atoms lying on 
the surfaces to specific chemical forms (e.g., oxides) which may have selective 
adsorption capabilities. Depending on the desired properties, the total time allowed 
for activation is a very important variable. The primary effect of time is on the sizes 
of the pores which develop. As time goes on more and more pores are generated and 
the internal surface area steadily increases. However, as the process continues, solid 
material separating adjacent pores may be eroded away and the net result is the 
generation of larger pores and a reduction in the total internal surface area (Cooney, 
1998). 
During chemical activation (impregnation step) the source material is mixed with 
a chemical before the activation process. The most widely used chemicals in this step 
include H3P04, H2S04, KOH, NaOH and ZnCb. Impregnation can take up to 24 h 
depending on the chemical used, the precursor and the subsequent activation process 
(Kalderis et al., 2008). The impregnation ratio, the ratio of weights of the chemical 
agent and the dry precursor, is one of the variables that have great effect on the 
characteristics of the final carbons produced during chemical activation process. The 
chemical used act as dehydrating agents which penetrate deep into the structure of the 
carbon causing small pores to develop. Thus, apart from effecting the development of 
the pores, mainly the size, it also affects the resulting surface area as normally smaller 
pores will result in larger surface areas (Gratuito et al. 2008). 
2.7 Coconut Coir 
Coir fibers are found between the hard, internal shell and the outer coat of a coconut, 
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fruit of the tree Cocos nucifera. They are made up of small threads, each about I mm 
long and l 0-20 11m in diameter. The individual fiber cells are narrow and hollow, 
with thick walls made of cellulose. They are pale when immature but later become 
hardened and yellowed as a layer of lignin is deposited on their walls. The fibers are 
rich in lignin (16-45%), hemicellulosse (24-47%) and pectin (2%) content (Han and 
Rowell, 1996; Conrad and Hansen, 2007). Coconut coir has been used for preparing 
ropes, nets, cushions, mattresses, and canvas. It has the potential to add an economic 
input in water treatment as a lowcost material for development of a novel adsorbent 
for removal of pollutants (Krishnan and Haridas, 2008; Namasivayam eta!., 2001,). 
Activated carbon was prepared from coconut coir. The prepared coconut coir 
activated carbon was used for adsorption of methylene blue. The effect of contact 
time and initial concentration, adsorbent dose and temperature on adsorption of the 
dye was studied. According to the results, a maximum adsorption (93.58%) was 
achieved from a 60 mg/L dye solution at adsorbent dose was 7 g/L at pH 5.3. The 
adsorption capacity of the coconut coir activated carbon was found to be 15.59 mg/g 
(Shrama et a!., 2009 and 20 I 0). 
2.8 Chapter Summary and Significance of the Study 
In this chapter, textile dyes, classification of textile dyes, textile dyeing and dye 
waste, and dye waste treatment are discussed. The various problems caused by the 
dye waste are also highlighted. Available methods for treatment of dye waste are 
summarised along with their advantages and disadvantages. Adsorption phenomenon, 
activated carbon and coconut coir are also discussed. All the methods used for the 
treatment of dye waste have different colour removal capabilities, capital costs and 
operating rates. Among these methods, adsorption has been found to be superior to 
other techniques for dye waste treatment in terms of initial cost, simplicity of design, 
ease of operation and insensitivity to toxic substances. Due to its high adsorption 
capacity and large surface area, activated carbon is widely used as an adsorbent. 
Commercial activated carbon is commonly used for the treatment of dye waste in the 
textile industry. However, due to high cost use of commercial activated carbon is 
limited and there is a need to produce low-cost activated carbon from locally available 
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agricultural solid waste. Thus, preparation of activated carbon from locally available 
agricultural solid waste, coconut coir for the treatment of dye waste assumes 
significance. 
There has been one study on adsorption of methylene blue by activated carbon 
prepared from coconut coir (sharma et al. 2009 and 2010). Apparently, there is a need 
to characterise the coconut coir activated carbon and study its potential in adsorptive 
removal of different classes of textile dyes so that the activated carbon can be used in 
textile dye waste treatment. 
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3.0 Chapter Overview 
CHAPTER3 
METHODOLOGY 
In this chapter, details of all the materials e.g. coconut coir activated carbon (CCAC), 
commercial activated carbon (CAC), textile dyes and textile dye waste are provided. 
The experimental part of the study is divided into characterisation of CCAC and 
CAC, batch adsorption test and column test. 
3.1 Raw Material and Preparation 
3.1.1 Coconut Coir Activated Carbon 
Coconut coir activated carbon (CCAC) used in this study was prepared from coconut 
coir (Fig. 3.1) according to a physiochemical method used by Santhy and Selvapathy 
(2006) for preparing coir pith activated carbon. 
Fig. 3 .I Coconut coir 
The coconut coir was first washed with distilled water, air dried for 6-8 h and oven 
dried at I 05°C for 24 h. The sample was then soaked in concentrated sulphuric acid 
in an oven at I 05°C for 24 hours. The sample was then rinsed with distilled water and 
then soaked with 2% sodium bicarbonate solution for 12 h. It was then rinsed with 
distilled water to remove excess bicarbonate solution. It was again dried in the oven 
at I 05°C for 24 hours. The sample was then activated at a temperature of 900°C for 
30 min in an atmosphere of nitrogen using the Fixed Bed Activation Unit (INTRAN) 
(Fig. 3.2). 
Fig. 3.2 Fixed Bed Activation Unit 
The CCAC was then repeatedly rinsed with distilled water and soaked in I 0% 
hydrochloric acid to remove calcium oxide for 12 h, followed by repeated rinsing with 
distilled water to remove excess acid and then dried at I 05°C for 24 h. The CCAC 
was ground to a size of200-500 Jlm and stored in an air-tight bottle. 
3.1.2 Commercial Activated Carbon 
A commercial activated carbon (CAC), Filtrasorb-400 (F-400) was obtained from the 
Calgon Carbon Corporation, Pittsburgh, P A. The activated carbon was ground to a 
size of 200-500 Jlm and stored in an air-tight bottle. 
34 
3.1.3 Textile Dyes 
In the study, four different classes of textile dyes: Acid Dye, Direct dye, Disperse dye 
and Reactive dye were used as the adsorbates. The four classes of textile dye used 
were described as below. 
3.1.3.1 Determination of the Absorbance-Concentration Calibration Graph for Acid 
Dye 
Acid dye, Acid Red (Acid Red I8) was obtained in powdered form from Euro 
Chemo-Pharma Sdn. Bhd., Prai Industrial Estate, Penang. A stock solution of 
I 000 mg/L of the dye was produced by mixing the dye powder in a volumetric flask 
with distilled water. Different concentrations of 5, I 0, 20, 30, 50 and 60 mg/L of the 
acid dye were then prepared. The absorbance for 50 mg/L of the dye was determined 
at varying wavelengths from 340 to740 run using Spectrophotometer (HACH, 
DR500). The wavelength at the maximum absorbance obtained was then used to 
determine the absorbance for different concentrations of Acid Red 18 (AR 18). 
3.1.3.2 Determination of the Absorbance-Concentration Calibration Graph for Direct 
Dye 
Direct dye, Direct Blue (C.!. Direct Blue 86) was obtained from Euro Chemo-Pharma 
Sdn. Bhd., Prai Industrial Estate, Penang. A stock solution of I 000 mg/L of the dye 
was prepared by mixing the dye powder and placed in a volumetric flask with distilled 
water. From the stock solution different concentrations from 2 to 75 mg/L of the 
direct dye were then prepared. The absorbance for 50 mg/L of the dye was 
determined at varying wavelengths from 340 to740 run using Spectrophotometer 
(HACH, DR500). The wavelength at the maximum absorbance obtained was then 
used to determine the absorbance for different concentrations of Direct Blue 86 (DB 
86). 
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3.1.3.3 Determination of the Absorbance-Concentration Calibration Graph for 
Disperse Dye 
Disperse dye, Dianix Red CC (C.I. Disperse Red 343) was obtained from Arab-
Malaysian Development Bhd textile plant, Taiping, Perak. A stock solution of 1000 
mg/L of the dye was prepared by mixing the dye powder and placed in a volumetric 
flask with distilled water. Different concentrations of I 0, 20, 30, 40, 50, 60 and 80 
mg!L of the disperse dye were then prepared. The absorbance for 50 mg/L of the dye 
was determined at varying wavelengths from 340 to740 nm using Spectrophotometer 
(HACH, DR500). The wavelength at the maximum absorbance obtained was then 
used to determine the absorbance for different concentrations of Disperse Red 343 
(DR 343). 
3.1. 3. 4 Determination of the Absorbance-Concentration Calibration Graph for 
Reactive Dye 
Reactive dye, Sunzol Yellow GR (C.!. Reactive Yellow 15) was obtained from the 
Arab-Malaysian Development Bhd textile plant, Taiping, Perak. A stock solution of 
I 000 mg/L of the dye was prepared by mixing the dye powder and placed in a 
volumetric flask with distilled water. From the stock solution different concentrations 
in the range of 2 to 75 mg/L of the reactive dye were then prepared. The absorbance 
for 50 mg/L of the dye was determined at varying wavelengths from 340 to740 nm 
using Spectrophotometer (HACH, DR500). The wavelength at the maximum 
absorbance obtained was then used to determine the absorbance for different 
concentrations of Reactive Yellow 15 (R Y 15). 
3.1.4 Textile Dye Waste 
Textile dye waste was collected from a local textile industry (DHJ Malaysia Sdn. 
Bhd.) International Industrial Park Ipoh. The textile dye waste was measured for pH, 
biochemical oxygen demand (BOD5), total chemical oxygen demand (COD), 
Turbidity, Total Dissolved Solids (TDS). According to German Standard Method 
(DIN 38 404) absorbance for the raw textile dye waste was measured at wavelengths 
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of 436 nm, 525 nm and 620 nm. 
3.2 Characterisation of CCAC and CAC 
Both the activated carbons, CCAC and CAC were characterised for various physical 
and chemical parameters. 
3.2.1 Determination of Surface Functional Groups 
The functional groups present in the activated carbons were determined using the 
Fourier Transform Infra-Red (FTIR) spectroscopy (FTIR-8400 S, SHIMADZU) 
(Fig. 3.3). Prior to the analysis, samples of the CCAC and CAC were mixed with 
KBr (Potassium bromide) powder to form pellets. Approximately 0.1 % wt of the 
CCAC and CAC powder was homogenized with KBr and the transmission spectra for 
the activated carbons were recorded within the region of 400-4000 cm-1• 
Fig. 3.3 FTIR-8400 S, SHIMADZU 
3.2.2 Determination of Surface Morphology 
The surface morphology of CCAC and CAC were determined using a field emission 
scanning electron microscope, FESEM-EDX (Leo Supra 50VP) (Figure 3.4). CCAC 
and CAC Samples were gold-coated by a vacuum electric sputter coater to the finest 
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thickness prior glue-mounting on it and operated at 15 KV. The samples were loaded 
on a stub and coated with a gold-palladium film before scanning to avoid any charge 
buildup. 
Fig. 3. 4 FESM-EDX, Leo Supra 50 VP 
3.2.3 Determination of Surface Area, Micro pore Area, Micro pore Volume and 
Average Pore Diameter 
The surface area, micropore area, micropore volume and average pore diameter were 
obtained by using BET surface area apparatus (ASAP 2000, Micrometries) (Fig. 3.5) 
at 77° K by means of standard BET procedure using N2 adsorption. Prior to the 
measurement, the CCAC and CAC samples were degassed at 120 oc for 3 h. 
Fig. 3.5 BET surface area apparatus (ASAP 2000, Micrometries) 
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3.2.4 Determination of Ash Content 
The ash content of the CCAC and CAC was determined by a method used by Ng et al. 
(2002). Approximately 2 g of the activated carbon were placed in a tared ceramic 
crucible, dried in an oven at 80°C for 12 hours and reweighed to obtain the weight of 
the dry carbon. It was then heated in a muffie furnace at 760°C for 6 h, cooled in a 
desiccator and the remaining ash was weighed. The ash content was calculated by the 
following equation: 
%ash= [weight of ash (g)/original carbon weight (g)) x 100 (Eq. 3.1) 
3.2.5 Determination of Bulk Density 
The bulk density of CCAC and CAC was determined using the method of Ahmenda 
et al. (1997). Ten mL of the oven dried (80°C) activated carbon was placed in a 25 
mL and tapping for 1-2 min for compacting the carbon. Thereafter, the cylinder with 
the compacted carbon was weighed. The bulk density was then calculated as follows: 
Bulk density (g/cm2) 
= [weight of dry carbon (g)/volume of packed dry material (mL)) (Eq. 3.2) 
3.2.6 Measurement of pH 
The pH of the activated carbon was measured by a method used by Ahmenda et al. 
(1997). A suspension of the activated carbon (I% wt/wt) in water was prepared. The 
suspension was heated to 90° C and stirred for 20 min. After cooling to room 
temperature, the pH of the suspension was measured using a calibrated pH meter 
(HACH, Sension 2) (Fig. 3.6). 
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Fig. 3.6 pH meter 
3.2. 7 Determination of Point of Zero Charge 
The point of zero charge (pHpzc) was determined by the solid addition method 
(Balistrieri and Murray, 1981). Fourty mL of 0.1 M NaCl solution was taken in 
eleven conical flasks and the pH of the solutions were varied in the range of 2-12. 
The pH value of each solution was adjusted by adding either 0.10 N of hydrochloric 
acid or 0.1 N sodium hydroxide. The initial pH (pHi) of the solutions were then 
accurately measured and 0.1 g of the activated carbon was added to each flask and 
securely capped immediately. The suspensions were then shaken for 24 h using an 
orbital shaker and the pH values of the supernatant were measured. The difference 
between the initial and final pH (pHr) value, ilpH =pHi - pHr, was plotted against pHi 
and the point of intersection of the resulting ilpH corresponded to the point zero 
charge, pHpzc. 
3.2.8 Determination of Surface Functional Groups and Acidity and Basicity 
Surface acidic functional groups and basic sites of the activated carbon were 
determined using Boehm titration method (Boehm et al. 1964; Boehm, 1994). 0.15 g 
of the activated carbon sample was placed, respectively, in 20 mL of each of the 
following 0.05 M solutions: sodium hydroxide, sodium carbonate, sodium 
bicarbonate, and hydrochloric acid. The samples were sealed and allowed to 
equilibrate for 4 days in an orbital shaker at 150 rpm. Five mL of each filtrate was 
transferred for titration of the excess of the base or acid with 0.1 M HCl or 0.1 M 
NaOH, respectively. The numbers of acidic groups were then calculated under the 
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assumption that NaOH neutralizes carboxylic, phenolic, and lactonic groups; NazC03 
neutralizes carboxylic and lactonic groups; while NaHC03 neutralizes only carboxylic 
groups. The number of surface basic groups was also calculated using the amount of 
hydrochloric acid that reacted with the activated carbon. 
3.3 Experimental Procedure 
The study involved two phases: batch adsorption test and column test, which are 
summarised below: 
3.3.1 Batch Adsorption Test 
The effect of contact time, initial dye concentration, initial dye solution pH and dose 
of the activated carbons were determined by the batch adsorption test. After a 
predetermined contact time, the flask was then removed from the orbital shaker and 
the supernatant was filtered through 0:45 J.lm membrane filter which has been 
prepared. The filter paper was prepared by soaking in the respective dye for 30 min 
and rinsed with distilled water prior to oven drying. The absorbance of the filtrate 
was measured using the spectrophotometer (HACH, DR2800). The residual 
concentration of dye was then determined using the respective calibration curves for 
the particular dye being investigated. The percentage adsorption was calculated as 
(c -c J % A = i c, f X I 00 (Eq. 3.3) 
where, C, initial dye concentration (mg/L) 
= residual equilibrium dye concentration (mg/L) 
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3. 3.1.1 Effect of Contact Time at Various Dye Concentration at a Fixed Dose of 
CCACandCAC 
The effect of contact time on adsorption at various dye concentration was carried out 
at four different initial dye concentrations (20, 40, 60 and 80 mg!L for DB 86, DR 343 
and RY 15 respectively, while 40, 60, 80 and 100 mg!L for AR 18). The dose of 
CCAC and CAC used was fixed at 2 giL (for AR 18, DR 343 and RY 15) and 4 giL 
(for DB 86) (Table 3.1). The study was conduced at room temperature using orbital 
shaker (INTRAN) at 150 rpm (Fig. 3. 7) at various contact time. 
Table 3.1 Dye type and initial concentration for the effect of contact time at various 
dye concentration at a fixed dose of CCAC and CAC 
Dye type Initial dye concentration CCAC and CAC 
(mg/L) dose (g/L) 
AR 18 40, 60, 80 and 100 2 
DB 86 20, 40, 60 and 80 4 
DR343 20, 40, 60 and 80 2 
RY 15 20, 40, 60 and 80 2 
Fig. 3.7 Orbital shaker (INTRAN) 
3.3.1.2 Effect of pH on Dye Adsorption at Optimum Contact time and at a Fixed Dose 
ofCCAC and CAC 
The effect of pH on the dye adsorption by both CCAC and CAC was studied in the 
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range of pH I to pH 8. The pH of the solution was adjusted before batch adsorption 
test using 0.1 N NaOH or 0.1 N HCI. The dose of CCAC and CAC used was fixed at 
2 giL (for AR 18, DR 343 and RY 15) and 4 giL (for DB 86) (Table 3.2). Sampling 
was carried out at the determined optimum contact time for each textile dyes ( 4, I, 4 
and 2 h for AR 18, DR 343, RY 15 and DB 86, respectively) from Section 3.3.1.1. 
Table 3.2 Dye type, equilibrium contact time at fixed dose ofCCAC and CAC for the 
effect of pH on dye adsorption 
Dye type Equilibrium contact CCAC and CAC dose 
time (h) (giL) 
AR 18 4 2 
DB 86 I 4 
DR343 4 2 
RY 15 2 2 
3.3.1.3 Effect ofCCAC dose on Dye Adsorption 
The effect of the carbon dose on dye adsorption was studied by varying the dose of 
activated carbon from 1-10 giL for AR 18, 0.5-6 g/L for DR 343,2-8 g/L for RY 15 
and 2-10 g/L for DB 86 (Table 3.3). The batch adsorption test was conducted at 
optimum pH 2 and optimum contact time of the dye. 
Table 3.3 Dye type, equilibrium contact time and initial dose of CCAC for the effect 
of CCAC dose on dye adsorption 
Dye type Equilibrium CAC dose CCAC dose (giL) 
contact time (g/L) 
AR 18 4h I, 2, 4, 6 and 8 2, 4, 6, 8 and I 0 
DB 86 I h 2, 4, 6, 8 and I 0 
DR343 4h 0.5, I, 1.5, 2, 4 and 6 
RY 15 2h 2, 4, 6 and 8 
3.3.2 Adsorption Isotherm Study 
Adsorption isotherms for CCAC and CAC were determined by batch equilibrium test 
using the optimum contact time and pH for dye adsorption. The isotherms were then 
fitted to the linear form of the Langmuir and Freundlich adsorption isotherm. The 
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values of Langmuir constants Q0 and b, and Freundlich constants K1 and lin for dye 
adsorption by the CCAC and CAC were determined from the slope and intercept of 
the graph for the various textile dyes. The various experimental condition used for the 
determination of adsorption isotherms are shown in Table 3.4. 
Table 3.4 Dye type, equilibrium contact time and initial dose of CCAC for the 
determination of adsorption isotherm 
Dye type Initial dye concentration Carbon dosage Equilibrium 
(mg/L) (giL) (pH 2) contact time (h) 
AR 18 60, 80, 100, 120, 140, 160, 4 4 
180 and 200 
DR343 80, I 00, 120, !50 and 200 4 I 
RY 15 120, 140, 160, 180, 200, 220, 6 4 
and 250 
DB 86 20, 30, 40, 50, 60 and 80 8 2 
3.3.3 Kinetic Study Evaluation 
A kinetic study for the adsorption of the various textile dyes by the CCAC and CAC 
was conducted at the optimum pH. The experiments were carried out by varying the 
initial dye concentrations according to Table 3.5 below. The same amount of carbon 
dose, i.e. 4 g/L (AR 18) and 6 g/L (R Y 15 and DB 86) was used for both CCAC and 
CAC. Sampling was conducted at different contact times (10, 15, 30, 60. 90, 120, 
180, 210 and 240 min), filtered each time through 0.45 f.Lm membrane filter and then 
analysed spectophotometrically for residual dye concentration. The experimental data 
were fitted to the, pseudo-first-order and pseudo-second-order. The values of kinetic 
constants (k 1, q.) and (k2. q.), for pseudo-first-order and pseudo-second-order, 
respectively were determined from the slope and intercept of the respective plots. 
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Table 3.5 Dye type, initial dye concentration and carbon dose by CCAC and CAC 
Dye type Initial dye concentration Carbon dosage 
(mg/L) (g/L) (pH 2) 
AR 18 140, 160, 180 and 200 4 
DB 86 20, 40, 60 and 80 6 
RY 15 120,140,160 and 180 6 
3.3.4 Characterisation of Textile Dye waste 
3.3. 4.1 Measurement of Biochemical Oxygen Demand (BOD5) 
Biochemical Oxygen Demand (BODs) of the textile dye waste before and after 
treatment with CCAC was measured. Samples were prepared by placing 10 mL of 
the texile water and I mL of seed (municipal wastewater) in 300 mL BOD bottles. 
The bottle was topped up with aerated water. Blank and seed samples were also 
prepared. After all the samples were prepared, the initial dissolved oxygen (DO) for 
each sample was measured by the DO probe (YSI, 5010). The BOD bottles were then 
placed in the incubator at 20° C for 5 days. At the end of the 5 days incubation, the 
final DO was measured by using the DO probe. The BODs values were then 
calculated from the following equation: 
BODs= [(DI - D2)/P] (mg!L) (Eq. 3.4) 
where; D I = DO value in initial sample 
D2 = DO value in final sample 
P =Volumetric fraction of sample used 
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3.3.4.2 Measurement of Total Chemical Oxygen Demand (COD) 
Total COD of the textile dye waste before treatment and after treatment with CCAC 
by pouring 2 mL of textile dye waste into a COD vial containing potassium 
dichromate and silver nitrate (used as a catalyst). The vials were then shaken 
properly. All the vials together with a blank as an indicator were then placed into the 
COD reactor (Hach, DRB 200) and left for 2 h. At the end of 2 h period, the COD of 
the samples were then measured using spectrophotometer (HACH, DR2800). 
3.3.4.3 Measurement of Turbidity 
The turbidity of the textile dye waste was measured before and after treatment the 
textile dye waste with CCAC. The textile dye waste sample was filled to a sample 
cell to the line (15 mL) and capped. The sample cell was wiped with a soft cloth to 
remove water spots and fingerprints. The sample cell was then put in the turbidimeter 
(HACH, 21 OOP) and took the turbidity reading. 
3. 3. 4. 4 Measurement ofTotal Dissolved Solids (TDS) 
The TDS of the textile dye waste was measured by filtering I 00 mL of the sample 
through rinsed and dried filter paper (Whatman No. I). The filtrate was transferred to 
a ceramic container which was initially weighed. The ceramic container was then 
placed in an oven at 180°C for 8 h. After removing the ceramic container from oven, 
it was then cooled in a desiccator for 3 to 4 h. The TDS value for textile dye waste 
was then measured by the following equation: 
TDS (mg!L) = [(B- A)/C x 1000 x 1000] 
where; 
A= Weight of clean dried ceramic container 
B =Weight of ceramic container and residue 
C =Volume of sample (100 mL) 
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(Eq. 3.5) 
3.3.5 Column Test 
Down flow column test was carried out using a glass column of 2 em inner diameter 
and 40 em length (Fig. 3.9). The column was packed to a depth of 20 em with 19.5 g 
CCAC. The textile dye waste was fed to the column at 5 mL!min flow rate using a 
peristaltic pump. Effluent samples were collected at intervals of I 0 min and analysed 
using the spectrophotometer for the residual dye concentration. As the textile dye 
waste contained a mixture of dyestuff and additives, absorbance of the effluent was 
measured at wavelengths of 436, 525 and 620 nm according to the DIN 38404 (1991), 
and typical breakthrough curves [C,(effluent)/C. (influent) versus bed volume] were 
plotted. 
Thereafter, the activated carbon was regenerated using 0.1 M NaOH as eluent. 
The eluent was allowed to percolate through the carbon bed at a flow rate of 
5 mL!min until the absorbance of effluent became negligible. Following 
regeneration, the carbon bed was washed with water repeatedly to remove the free 
alkali and again washed with 50 mL of 1.0 M hydrochloric acid at a flow rate of 
5 mL/min to neutralise any residual alkalinity. The carbon bed was finally washed 
with water for the next cycle of operation of the column test. The column study was 
conducted for three cycles for the textile dye waste. 
!Influent Textile Dye Wastewater 
2 Peristaltic Pump 
3 Column 
41ilass wool 







Fig. 3.8 Schematic Diagram of downflow column test 
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Fig. 3.9 Downflow column test 
3.4 Chapter Summary 
In this chapter, details of all the materials used are provided. Methods for 
characterisation of CCAC and CAC, batch adsorption test including batch equilibrium 
test, kinetic study, and column test including regeneration of the activated carbon are 
g1ven. 
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4.0 Chapter Overview 
CHAPTER4 
RESULTS AND DISCUSSION 
In this chapter the results of characterisation of the coconut coir activated carbon 
(CCAC) and commercial activate carbon (CAC), adsorptive removal of textile dyes in 
batch adsorption test, adsorption isotherms, kinetic study and column test for textile 
dye waste treatment are presented. 
4.1 Characterisation ofCCAC and CAC 
Both coconut coir activated carbon (CCAC) and commercial activated carbon (CAC) 
were characterised for various physical and chemical parameters. 
4.1.1 Scanning Electron Micrograph 
Scanning electron microscopy has been a primary technique for characterising the 
surface morphology and fundamental physical properties of adsorbent. This 
technique is useful for the determination of the particle shape, porosity and 
appropriate size distribution of the adsorbent (Arami et al., 2006). Scanning electron 
micrographs of CCAC and CAC at 200X magnification obtained are shown in 
Fig. 4.1. From Fig. 4.1, it can be observc:d that CCAC appeared to contain more 
macro- and micropores compared to the CAC. 
(A) (B) 
Fig. 4.1 Scanning electron micrograph of CCAC (A) and CAC (B) 
4.1.2 Fourier Transform Infrared (FTIR) Spectroscopy 
The FTIR spectra recorded in the region of 400-4000 cm·1 for both CCAC and CAC, 
are shown in Fig. 4.2 and Fig. 4.3, respectively. The band at 3407 cm·1 corresponds 
to stretching vibration of OH-. Two weak bands at 2923-2852 em -t and at 2921-2850 
cm·
1
, were observed for CCAC and CAC, respectively. This indicated aliphatic group 
stretching vibration (Gercel et al., 2007). Large peaks observed at 2360 cm·1 and 
2341 cm·1, for both CCAC and CAC, respectively, indicate antisymmetric stretching 
of C02 (Shu et al., 2004). The peaks observed at approximately 1658 cm·1 and 1656 
cm·
1
, for CCAC and CAC, respectively can be assigned to symmetric and 
asymmetric stretching vibration ofC=C group. The peaks at 1581 cm·1 and 1571 cm·1 
for CCAC and CAC, respectively, are due to aromatic rings of C=C. The intensity 
for CCAC was found to be greater than CAC at the peak 1402 cm·1, indicated the 
presence of pyrones and aromatic groups in the CCAC (Sricharoenchaikul et al., 
2008). The small peaks in the region of 1100-1200 cm·1 for both CCAC and CAC can 
be assigned to the C-0 stretching vibrations of carboxylic and phenolic group CV asu, 
2008). The peaks in the region 700-610 cm·1 are due to symmetric and asymmetric 
stretching of S02 and symmetric stretching vibration of S-0 groups, confirming the 
presence of surface S02 complexes (Gerc.el et al., 2007) in both CCAC and CAC. 
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Fig. 4.3 FTIR spectra ofCAC 
4.1.3 Ash Content and Bulk Density 
Table 4.1 shows the ash content and bulk density of the activated carbon. The ash 
content and bulk density for CCAC and CAC were 14% and 0.31 g/mL, and 22% and 
0.52 g/mL, respectively. 
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Table 4.1 Characteristics of CCAC and CAC 
Parameters CCAC CAC 
• 
Surface area ( m 2/ g) 826 626 
Micropore area (m2/g) 551 509 
Micropore volume (mL!g) 0.25 0.23 
Average pore diameter (A) 24 15.35 
Ash content (%) 14 22 
Bulk density (g/mL) 0.31 0.52 
pHzrc 5.3 7.2 
pH 4.8 5.6 
Acidity (mmol/g) 4 4 
Basicity (mmol/g) 4.3 4.4 
Phenolic (mmollg) 0.9 0.4 
Carboxylic (mmol/g) 3.3 3.4 
Lactonic (mmollg) 1.6 0.2 
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4.1.4 Surface Area, Micropore Area, Micropore Volume and Average Pore 
Diameter 
The values of BET surface area, micropore area, micropore volume and average pore 
diameter obtained by applying the BET equation to nitrogen adsorption at 77°K are 
presented in Table 4.1. It was found that CCAC has higher surface area, micropore 
area and average pore diameter as compared to those of CAC. 
4.1.5 pH of Point of Zero Charge and pH 
The pH of point of zero charge (pHzpc) is the pH above which the total surface of the 
carbon particle is negatively charged and below that pH the carbon has positive 
charge (Lopez-Ramon et al., 1999). Table 4.1 shows the pH and pHzpc values for 
CCAC and CAC. The values of pH and pHzpc of CCAC and CAC were 4.8 and 5.3, 
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Fig. 4.4 Plots of l'>pH vs. initial pH for the CCAC and CAC 
4.1.6 Surface Acidic Functional Groups and Acidity and Basicity 
Table 4.1 above also shows the results of the contents of the surface acidic functional 
groups and acidity and basicity of CCAC and CAC in mmol/g. The values of acidity, 
basicity and carboxylic groups were almost similar for both CCAC and CAC, i.e 4, 
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4.3 and 3.3 mmol/g for CCAC and 4, 4.4 and 3.4 mmol/g for CAC, respectively. The 
values of phenolic and lactonic groups of CCAC and CAC, were 0.9 and 1.6 mmol/g, 
and 0.4 and 0.2 mmol/g, respectively. The presence of highest number of acidic 
functional groups i.e. carboxylic, phenolic and lactonic groups contributed to the 
lowest local pH (4.8) of the CCAC due to acid treatment by concentrated H2S04 . 
4.2 Adsorptive Removal of Textile Dye 
4.2.1 Acid Red 18 (AR 18) 
4.2.1.1 Absorbance-Concentration Calibration Graph for AR 18 
The absorbance of 50 mg!L of AR 18 at different wavelengths was plotted in 
Fig. 4.5 below. From Fig. 4.5, it can be observed that the maximum absorbance was 
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Fig. 4.5 Absorbance values of AR 18 at different wavelength 
The absorbance at the wavelength of 508 run at different concentrations 
of AR 18 (5-60 mg/L) was plotted in Fig. 4.6. This calibration graph was then used to 
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Fig. 4.6 Absorbance values of AR 18 at 508 run wavelength 
4.2.1.2 Effect of Contact Time and Dye Concentration of AR 18 Adsorption 
The effect of contact time and dye concentration on adsorption of AR 18 by CCAC 
and CAC, are shown in Fig. 4.7 and 4.8, respectively. From Fig. 4.7 and 4.8, it can be 
observed that the adsorption of AR 18 increased with increased contact time for all 
initial dye concentrations. It can be also observed that for both CCAC and CAC, 
increased in initial dye concentrations resulted in decrease in adsorption for a 
particular contact time. It can be concluded that the maximum residual equilibrium 
adsorption was attained in 4 h for both CCAC and CAC. Similar contact time of 4 h 
also has been reported by Thinakaran et al. (2008) for the adsorption of Acid Red 114 
from aqueous solution using activated carbons prepared from seed shells. There are 
many factors, which can contribute to the adsorbate concentration effect. The first 
and important one is that adsorption sites remain unsaturated during the adsorption 
process. The second cause can be the aggregation/agglomeration of adsorbent 
particles at higher concentrations. Such aggregation would lead to a decrease in the 
total surface area of the adsorbent particles available for dye (Bulut and Baysal, 
2006). From this study, a contact time of 4 h was used in all subsequent adsorption 
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Fig. 4. 7 Effect of contact time and dye concentration on adsorption of AR 18 by 
CCAC at different initial dye concentrations 
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Fig. 4.8 Effect of contact time and dye concentration on adsorption of AR 18 by CAC 
at different initial dye concentrations 
4.2.1.3 Effect of pH on AR 18 Adsorption 
Fig. 4.9 shows the effect of pH on adsorption of AR 18 at carbon dose of 2g/L for 
both CCAC and CAC, at initial dye concentration of 80 mg/L. From the Fig. 4.9, it 
can be observed that the maximum residual equilibrium adsorption occurred at acidic 
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pH (pH 2). The adsorption was found to be 91 and 63%, for CCAC and CAC, 
respectively, at pH 2. Similar observation has been reported by Thinakaran et a!. 
(2008) for adsorption of Acid Violet 17 onto activated carbon prepared from 
sunflower seed hull. As the pHzrc of the CCAC and CAC are 5.3 and 7.2, 
respectively, so in the acidic pH range, the positive surface charge on the carbon 
increases and this would attract the negatively charged functional groups on the dyes. 
pH 2 was selected as optimum pH value for adsorption and all subsequent adsorption 
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Fig. 4.9 Effect of pH on adsorption of AR 18 by CCAC and CAC 
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4.2.1.4 Effect ofCCAC and CAC onAR 18 Adsorption 
The effect of variation of CCAC and CAC dose on adsorption of AR 18 was studied 
by varying the carbon dose at an initial dye concentration and plotted in Figure 4.1 0. 
The dose of CCAC was varied from I to 8 giL with an initial dye concentration of 
120 mg/L. The dose of CAC was varied from 2 to I 0 giL with an initial dye 
concentration of 80 mg/L. Both experiments were conducted at pH 2 and a contact 
time of 4 h. It can be observed that as the carbon dose was increased, the percentage 
of AR 18 increased until 4 g/L for both adsorbents. This occurred due to the 
availability of more surface functional groups at higher concentration of the carbon 
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(Garg et al., 2004). Maximum adsorption of 99.5% was obtained for both activated 
carbon; 4 giL dose of CCAC and at 8 giL dose CAC. This indicates that lower dose is 
required for CCAC for the same adsorption removal. 
8 10 
Fig. 4.10 Effect of CCAC and CAC dose on adsorption of AR 18 
4.2.1.5 Adsorption Isotherm of AR 18 Adsorption 
Adsorption isotherms for CCAC and CAC were determined by batch equilibrium test 
using the optimum contact time of 4 h and pH 2 for the adsorption of AR 18 at a dose 
of 4 giL for both CCAC and CAC at initial dye concentrations of 60, 80, 100, 120, 
140, 160, 180 and 200 mgiL. The isotherms were fitted to the linear form of the 
Langmuir (Eq. 2.2) and Freundlich adsorption isotherm (Eq. 2.5) and are shown in 
Fig. 4.11 and 4.12, respectively. The Freundlich isotherm is an empirical equation 
employed to describe heterogeneous systems. The values of Langmuir constants Q0 
and b, and Freundlich constants K1 and 1/n for AR 18 adsorption by the CCAC and 
CAC were determined from the slope and intercept of the plots (Table 4.2). Values of 
Q 0 and K1 obtained indicated that CCAC has higher adsorption capacity for AR 18 
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Fig. 4.11 Langmuir adsorption isotherm of AR 18 adsorption 
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Fig. 4.12 Freundlich adsorption isotherm of AR 18 adsorption 
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Table 4.2 Langmuir and Freundlich isotherm constants for AR 18 adsorption 
Activated carbon Langmuir isotherm Freundlich isotherm 
constants constants 
Q" (mg/g) b (Lig) K1 (mglg) (1/n) 
CCAC 48.5 1.27 25.7 0.2 
CAC 37.3 0.13 12.0 0.2 
4.2.1.6 Kinetic Study of AR 18 Adsorption 
The plots of pseudo-first-order kinetic model, log(q,- q,) versus t and pseudo-second-
order kinetic model, t/qt versus tis presented in Fig. 4.13-4.16. Table 4.3 shows the 
values of the constants obtained for k~, k2, q, and R2 for the models. As can be seen 
from Table 4.3, R2 for the pseudo-second-order kinetic model were comparatively 
greater than pseudo-first-order kinetic model. The adsorption of the dye in mg per 
gram of adsorbent use, q,, exp for the experiment was obtained by calculating the 
removal of the dye concentration at the end of the experiment (4 h). The q,, cal was 
obtained from the pseudo-first-order kinetic model and pseudo-second-order kinetic 
model. The values of q,, cal and q,, exp indicated that the experimental data followed 
the pseudo-second-order kinetic model. Similar observation has been reported for the 
adsorption of Acid Violet 17 onto activated carbon prepared from sunflower seed hull 
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Fig. 4.16 Pseudo-second-order kinetic plot of AR 18 adsorption by CAC 
62 
Table 4.3 Pseudo-first-order and pseudo-second-order kinetic rate constants and calculated and experimental q, values for AR 18 adsorption by 
CCACandCAC 
Activated carbon and 
initial concentration q., exp (mg/g) Pseudo-first-order model Pseudo-second-order model 
k1 (x 10- min· ) q,, cal (mg/g) R2 k2 (xI o· g/mg min) q,, cal (mg/g) R 
CCAC 
140 mg/L 34.7 13 22.0 0.9939 1.1 37.4 0.9944 
160 mg/L 38.9 13 23.4 0.9904 1.0 42.5 0.9936 
180 mg!L 43.7 9.6 24.2 0.9793 0.7 46.9 0.9809 
200 mg/L 43.9 6.2 16.0 0.9135 1.4 43.6 0.9853 
CAC 
140 mg/L 28.4 8.5 12.5 0.9635 1.7 29.7 0.9904 
160 mg!L 31.0 II 14.2 0.9943 1.9 32.3 0.9957 
180 mg/L 31.3 9.6 8.5 0.9644 3.2 32.1 0.9974 
200 mg/L 36.0 9.2 9.2 0.9692 31.0 29.0 0.9996 
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4.2.2 Disperse Red 343 (DR 343) 
4.2.2.1 Absorbance-Concentration Calibration Graph for DR 343 
The absorbance for 50 mg/L of the dye was plotted at varying wavelengths from 
340 to740 nm (Fig. 4.17). From Fig. 4.17, it can be observed that the maximum 
absorbance was obtained at a wavelength of 604 nm. 
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Fig. 4.17 Absorbance values of DR 343 at different wavelength 
The absorbance at a wavelength of 604 nm for different concentration 
(10-80 mg/L) of DR 34 was plotted in Fig. 4.18. This calibration graph was then used 
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Fig. 4.18 Absorbance values of DR 343 at 604 run wavelength 
4.2.2.2 Effect of Contact Time and Dye Concentration of DR 343 Adsorption 
The relationship between adsorption of DR 343 and contact time, and dye 
concentration were studied for CCAC and CAC. Adsorption of DR 343 by CCAC 
and CAC are shown in Fig. 4.19 and 4.20, respectively. Equilibrium adsorption 
occurred in 60 min for both CCAC and CAC. Adsorption was very rapid and 75-85% 
adsorption occurred in the first 5 min for all dye concentration. From Fig. 4.19 and 
4.20, it can be observed that the adsorption of DR 343 increased with increased 
contact time for all initial dye concentrations. Initial rapid adsorption may be due to 
increased number of vacant sites available at the initial stage and as a result, there 
existed increased concentration gradient between dye molecules in solution and in the 
carbon (Kavitha and Namasivayam, 2008). Equilibrium adsorption was attained in 60 
min. A similar trend was reported for the adsorption of 50, 100, 150, 200 and 250 
mg/L of disperse blue and disperse red onto palm ash (!sa et al., 2007). A 60 min of 
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Fig. 4.19 Effect of contact time and dye concentration on adsorption of DR 343 by 
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Fig. 4.20 Effect of contact time and dye concentration on adsorption of DR 343 by 
CAC with different initial dye concentrations 
4.2.2.3 Effect of pH on DR 343 Adsorption 
The pH value of the dye solution influences the adsorption process and particularly 
adsorption capacity (Demirbas et al., 2008). The effect of pH on adsorption of DR 
343 from a 60 mg/L solution by CCAC and CAC is shown in Fig. 4.21. Adsorption 
was high at acidic pH and maximum adsorption for CCAC (100%) and CAC (96%) 
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were achieved at pH 2. Values of pHzpc (5.3 for CCAC and 7.2 for CAC) indicated 
that at low pH, both CCAC and CAC is positively charged due to which at pH 2 these 
positive charge attracted the negatively charged particles of DR 343, result in 
maximum adsorption. Similar trend of pH effect was also observed by !sa et al. 
(2007) for the adsorption of disperse dyes onto palm ash. pH 2 was selected as 
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Fig. 4.21 Effect of pH on adsorption of DR 343 by CCAC and CAC 
4.2.2.4 Effect of Carbon Dose for DR 343 Adsorption 
Effect of carbon dose on adsorption of DR 343 from a 60 mg/L solution by CCAC is 
shown in Fig. 4.22. It is observed that adsorption increased with carbon dose and 
attained I 00% at 4 g/L carbon dose. An increase in adsorption with carbon dose is 
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Fig. 4.22 Effect of carbon dose on adsorption of DR 343 by CCAC 
4.2.2.5 Adsorption Isotherm of DR 343 Adsorption 
Adsorption isothenn for DR 343 adsorption by the CCAC and CAC were detennined 
by batch equilibrium test using optimum contact time and pH (60 min and pH 2) for 
both CCAC and CAC (4 giL) at initial dye concentrations of 80, 100, 120, 150 and 
200 mg/L. The data fitted well to the linear fonn of Langmuir (Eq. 2.2) and 
Freundlich (Eq. 2.5) adsorption isothenns. Plots of the Langmuir and Freundlich 
isothenns are shown in Fig. 4.23 and 4.24 for CCAC and CAC, respectively. Both 
the Langmuir and Freundlich isothenns fitted well to the experimental data. The 
values of Langmuir constants Q0 and b, and Freundlich constants K1 and lin for DR 
343 adsorption by CCAC and CAC are shown in Table 4.4. Values of Q" and Kt 
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Fig. 4.23 Langmuir adsorption isotherm of DR 343 adsorption 
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Fig. 4.24 Freundlich adsorption isotherm of DR 343 adsorption 
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Table 4.4 Langmuir and Freundlich isotherm constants for DR 343 adsorption 
Activated carbon Langmuir isotherm Freundlich isotherm 
constants constants 
Q" (mg/g) b (Lig) Kf(mg!g) (lin) 
CCAC 51 0.12 3.6 1.0 
CAC 41.6 0.43 2.9 1.6 
4.2.3 Reactive Yellow 15 (RY 15) 
4.2.3.1 Absorbance-Concentration Calibration Graph for RYJ5 
The absorbance for 50 mg/L of the dye was plotted at varying wavelengths from 
340 to 740 nm (Fig. 4.24). From Fig. 4.25, it can be observed that the maximum 
absorbance was obtained at a wavelength of 420 nm. 
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Fig. 4.25 Absorbance values ofRY 15 at different wavelength 
The absorbance at a wavelength of 420 nm for different concentration 
(2-75 mg/L) ofRY 15 was plotted in Fig. 4.26. This calibration graph was then used 
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Fig. 4.26 Absorbance values ofRY 15 at 420 run wavelength 
4.2.3.2 Effect of Contact Time and Dye Concentration on RY 15 Adsorption 
100 
Adsorption of four different concentrations (20, 40, 60 and 80 mg/L) of RY 15 by 
CCAC and CAC was studied as a function of contact time to determine the 
equilibrium time for adsorption. The results are indicated in Fig. 4.27 and 4.28, 
respectively. Adsorption of RY 15 increased with decrease in dye concentration and 
increase in contact time, and equilibrium was attained at 4 h for both CCAC and 
CAC. Similar results for adsorption of reactive dyes on activated carbon prepared 
from coir pith have been reported for different initial dye concentrations of 20, 40, 60, 
80 and I 00 mg!L (Santhy and Selvapathy, 2006). All the subsequent adsorption tests 
were conducted by using a contact time of 4 h. 
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Fig. 4.27 Effect of contact time and dye concentration on adsorption of R Y 15 by 
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Fig. 4.28 Effect of contact time and dye concentration on adsorption of R Y 15 by 
CAC with different initial dye concentrations 
4. 2. 3. 3 Effect of pH on RY 15 Adsorption 
The pH of the system affects the adsorptive uptake of the adsorbate molecule, 
presumably due to its influence on the surface properties of the adsorbent and 
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ionization or dissociation of the adsorbate molecule (Nemr et al., 2009). The effect of 
pH on adsorption ofRY 15 by CCAC (RY 15, 80 mg!L) and CAC (RY 15,40 mg/L) 
was studied in the pH range of 1-7 and the results are presented in the Fig. 4.29. 
Maximum adsorption occurred at pH 2 for both CCAC (100%) and CAC (88%). 
Similar observations have been reported for adsorption of reactive dyes on green alga 
Chlore/la vulgaris (Aksu and Tezer, 2005), and on coir pith activated carbon (Santhy 
and Selvapathy, 2006). A value of pH 2 is lower than values of pHzpc which are 5.3 
and 7.2 for CCAC and CAC, respectively. In the acidic pH range 1-2, the positive 
surface charge on the carbon increased and this attracted the negatively charged 
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Fig. 4.29 Effect of pH on adsorption ofRY 15 by CCAC and CAC 
4.2.3.4 Effect of Carbon Dose on RY 15 Adsorption 
Adsorption of RY 15 by CCAC from a 120 mg!L dye solution was studied by varying 
the carbon dose in the range 2-8 giL, at pH 2 and at contact time for 4 h. The 
adsorption increased from 47% to 99.3% (Fig. 4.30), as the carbon dose increased 
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Fig. 4.30 Effect of carbon dose on adsorption of RY 15 by CCAC 
4.2.3.5 Adsorption Isotherm of RY I5 Adsorption 
Fig. 4.31 and 4.32 present the Langmuir and Freundlich isotherm plots for RY 15 
adsorption by CCAC and CAC, respectively. Adsorption isotherms for CCAC and 
CAC were determined by batch equilibrium test using the optimum contact time of 4 
h and pH 2 for the adsorption of R Y 15 at a dosage of 6 giL for both CCAC and CAC 
at initial dye concentrations of 120, 140, 160, 180, 200, 220, and 250 mg/L. The 
distribution of dye between the adsorbent and dye solution when the system is at 
equilibrium is important to obtain the capacity of CCAC and CAC. Table 4.5 shows 
the Langmuir constants Q 0 and b, and the Freundlich constants K1 and I ln. The 
characteristics of the Langmuir isotherm can be expressed by a dimensionless 
constant, the equilibrium parameter RL (Namasivayam et al., 200 I b), which is 
R - I 
L - (1 + bC.) (Eq. 4.1) 
where, b is the Langmuir constant and C. is the initial dye concentration (mg/L). The 
value of RL indicates whether the isotherm is unfavourable (RL > I), linear (RL = I), 
favourable (0 < RL < I) or irreversible (RL = 0). From the b values (Table 4.5) and the 
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range of dye concentration (120-280 mg/L) tested, RLlies between 0 and I, indicating 
Langmuir isotherm is favourable for both CCAC and CAC. Applicability of the 
isotherm models was also compared by the correlation coefficient, R2. It can be seen 
that the Langmuir isotherm (R2 = 0.96 and 0.98 for CCAC and CAC) yields a better 
fit than the Freundlich isotherm (R2 = 0.92 and 0.88 for CCAC and CAC) for 
adsorption of RY 15 by CCAC and CAC. Similar set of observations have been 
reported by Dincer et al. (2007) for adsorption of reactive dye from aqueous solution 
by activated carbon and bottom ash. The values of Langmuir constants Qo and b for 
CCAC and CAC were 32 and 0.2, and 22 and 0.6, respectively. The values of 
Freundlich constants Kf and 1 In for CCAC and CAC were 13 and 0.2, and I 0 and 0.2, 
respectively. By comparing the values of Langmuir and Freundlich constants, it can 
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Fig. 4.31 Langmuir adsorption isotherm of RY 15 adsorption 
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Fig. 4.32 Freundlich adsorption isotherm ofRY 15 adsorption 
Table 4. 5 Langmuir and Freundlich isotherm constants for RY 15 adsorption 
Activated carbon Langmuir isotherm Freundlich isotherm 
constants constants 
Q' (mg/g) b (Lig) Kt(mglg) (1/n) 
CCAC 32 0.2 13 0.2 
CAC 22 0.6 10 0.2 
4. 2. 3. 6 Kinetic Study of RY 15 Adsorption 
The data for RY 15 adsorption were fitted to the linear form of the pseudo-first-order 
(Fig. 4.33 and 4.34) and pseudo-second-order kinetics (Fig. 4.35 and 4.36) for both 
CCAC and CAC. Table 4.6 shows the values of k,, k2, q. and R2 for the models. As 
can be seen from Table 4.6, values of R2 for the pseudo-second-order kinetic model 
were comparatively higher than those of the pseudo-first-order kinetic model and 
close values of q., cal and q., exp indicate that the experimental data followed the 
pseudo-second-order kinetic model for both CCAC and CAC. Similar observations 
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have been reported for adsorption of Reactive Black 5 and Reactive Red E by palm 
kernel shell activated carbon (Nourouzi et al., 2009), Reactive Black 5 and Reactive 
Yellow 176 by biomass fly ash (Pengthamkeerati et al., 2008), Remazol Brilliant Blue 
by waste metal hydroxide sludge (Silvia et al., 2008) and Reactive Red by activated 
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Table 4.6 Pseudo-first-order and pseudo-second-order kinetic rate constants and calculated and experimental q. values for RY 15 adsorption by 
CCAC andCAC 
Activated Carbon and 
initial dye concentration q., exp (mg/g) Pseudo-first-order model Pseudo-second-order model 
k 1 (x10· min·) q., cal (mg/g) Rz k2 (xI o· g/mg min) q., cal (mg/g) R 
CCAC 
120 mg/L 19.5 11.0 12.5 0.9876 1.46 21.4 0.9908 
140 mg/L 21.0 12.0 12.0 0.9683 1.91 22.4 0.9908 
160 mg/L 25 7.8 11.4 0.9521 1.69 25.7 0.9834 
180 mg!L 28.2 8.5 13.8 0.9852 1.25 30.5 0.9882 
CAC 
120 mg!L 18.4 5.98 5.5 0.956 3.75 18.6 0.9902 
140 mg!L 21.2 11.0 8.8 0.9461 2.96 22.2 0.9960 
160 mg!L 21.3 18.0 9.7 0.9190 5.93 21.8 0.9948 
180 mg!L 22.3 4.8 6.0 0.8795 3.72 22.3 0.9887 
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4.2.4 Direct Blue 86 (DB 86) 
4. 2. 2.1 Absorbance-Concentration Calibration Graph for DB 86 
The absorbance for 50 mg/L of the dye was plotted at varying wavelengths from 
340 to 740 nm (Fig. 4.36). From Fig. 4.37, it can be observed that the maximum 
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Fig. 4. 37 Absorbance values of DB 86 at different wavelength 
The absorbance at a wavelength of 620 nm for different concentration 
(2-75 mg/L) of DB 86 was plotted in Fig. 4.38. This calibration graph was then used 
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Fig. 4.38 Absorbance values of DB 86 at 620 nm wavelength 
4. 2. 4. 2 Effect of Contact Time and Dye Concentration of DB 86 Adsorption 
The adsorption of DB 86 by CCAC (Fig. 4.39) and CAC (Fig.4.40) was studied as a 
function of contact time and initial dye concentration. The initial dye concentration 
was varied in the range 20 to 80 mg/L. Adsorption increased with increase in contact 
time and attained equilibrium in 2 h for both CCAC and CAC. The data show that the 
degree of dye adsorption decreases with increasing dye concentration. This may be 
attributed to the fact that dye molecules tend to aggregate at higher concentrations to 
large sized molecules, which are difficult to diffuse through the micropores of the 
activated carbon particles (El Sayed and El Ashtoukhy, 2009). An equilibrium time 
of 2 h has been observed for the adsorption of Direct Blue I 06 using activated carbon 
developed from pomegranate peel (Am in, 2009) and for removal of Direct Blue by 
Loofa egyptiaca (El Sayed and El Ashtoukhy, 2009). A 2 h of contact time was used 
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Fig. 4.39 Effect of contact time and dye concentration on adsorption of DB 86 by 
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Fig. 4.40 Effect of contact time and dye concentration on adsorption of DB 86 by 
CAC with different initial dye concentrations 
4.2.4.3 Effect of pH on DB 86 Adsorption 
The pH value of the solution is an important controlling parameter in the adsorption 
process, and the initial pH of the solution has more influence than the final pH. Effect 
of pH on the adsorption of DB 86 from a 20 mg/L solution by CCAC and CAC is 
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shown in Fig. 4.41. Maximum adsorption for CCAC (61 %) and CAC (51%) occurred 
at pH 2. Similar observation has been reported by Nemr et al. (2009) for adsorption 
of Direct Blue 86 from aqueous solution by orange peel activated carbon and Amin 
(2009) for adsorption of Direct Blue I 06 by activated carbon prepared from 
pomegranate peel. Two possible mechanisms of adsorption of dye on the activated 
carbon may be considered: (a) electrostatic interaction between the activated carbon 
and the dye molecule, and (b) a chemical reaction between the dye and the activated 
carbon. At pH 2 the H+ ion concentration in the system increases and the surface of 
the activated carbons is positively charged by absorbing H+ ions. As the carbon 
surface is positively charged at low pH (pHzpc of CCAC and CAC were 5.3 and 7.2, 
respectively), a significantly high electrostatic attraction exists between the positively 
charged surface of the carbon and DB 86, an anionic dye molecule, leading to 
maximum dye adsorption. The lower adsorption of DB 86 at alkaline pH is due to the 
presence of excess OH- ions, which destabilise anionic dyes and compete with the 
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Fig. 4.41 Effect of pH on adsorption of DB 86 by CCAC and CAC 
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4.2.4.4 Effect of Carbon Dose on DB 86 Adsorption 
Effect of carbon dose on adsorption of DB 86 by CCAC was studied at optimum pH 2 
by varying the CCAC dose from 2 to I 0 g/L (Fig. 4.42). Adsorption increased with 
increasing dose of carbon due to greater availability of the exchangeable sites or 
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Fig. 4.42 Effect of carbon dose on adsorption of DB 86 by CCAC 
4. 2. 4. 5 Adsorption Isotherm of DB 86 Adsorption 
In order to compare the adsorption capacity of CCAC for DB 86 with that of CAC, 
the experimental data were fitted to the linear form of Langmuir (Fig. 4.43) and 
Freundlich (Fig. 4.44) adsorption isotherm. Adsorption isotherms for CCAC and 
CAC were determined by batch equilibrium test using the optimum contact time of2h 
and pH 2 for the adsorption of DB 86 at a dosage of 8 giL for both CCAC and CAC at 
initial dye concentrations of 20, 30, 40, 50, 60 and 80 mg/L. The values of Langmuir 
constants Q0 and b, and Freundlich constants KJ and lin for DB 86 adsorption by 
CCAC and CAC are shown in Table 4.7. Values of Qo and Kf indicated that CCAC 
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Fig. 4.44 Freundlich adsorption isotherm of DB 86 adsorption 
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Table 4.7 Langmuir and Freundlich constants for DB 86 adsorption 
Activated carbon Langmuir isotherm Freundlich isotherm 
constants constants 
Q' (mg/g) b (Lig) K1 (mglg) (lin) 
CCAC 8.3 0.06 0.86 0.5 
CAC 6.5 0.04 0.50 0.5 
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4.2.4.5 Kinetic Study of DB 86 Adsorption 
The mechanism of adsorption process depends on the physical and/or chemical 
characteristics of the adsorbent as well as on the mass transport process (Ugurlu, 
2009). Several kinetics models can be used to investigate the mechanism of 
adsorption process. In order to investigate the mechanism of adsorption of DB 86 by 
CCAC and CAC, the pseudo-first order and pseudo-second order kinetic models were 
used to test the experimental data. The DB 86 adsorption data at optimum pH value 
and contact time were fitted to the linear form of pseudo-first order (Fig. 4.45 and 
4.46) and pseudo-second order kinetics (Fig. 4.47 and 4.48) for both CCAC and CAC. 
The experimental and calculated q,, kinetic constants and the corresponding R2 values 
are summarised in Table 4.8. The correlation coefficient (R2) for the second-order 
kinetics is much greater than that of pseudo-first order for both CCAC and CAC. 
Moreover, the calculated q, values of pseudo-second order kinetics agreed well with 
experimental data for both CCAC and CAC. It can therefore be concluded that 
adsorption of DB 86 for both CCAC and CAC followed pseudo-second order kinetics. 
Similar observation were reported for the adsorption of Direct Blue 106 by 
pomegranate peel activated carbon (Amin, 2009), Direct Red 80 by almond shells 
(Ardejani et al., 2008), Direct N-Blue I 06 by orange peel activated carbon (Khaled et 
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Table 4.8 Pseudo-first-order and pseudo-second-order kinetic rate constants and calculated and experimental q. values for DB 86 adsorption by 
CCACandCAC 
Activated carbon and 
initial dye concentration q., exp (mg!g) Pseudo-first -order model Pseudo-second-order model 
k1 (xI o·3min- 1) q., cal (mg!g) R2 k2 (xI 0 g/mg min) q., cal (mg!g) R 
CCAC 
20 mg!L 2.41 30 0.72 0.8457 0.11 2.47 0.9998 
40 mg!L 5.28 25 2.0 0.7562 0.03 5.47 0.9982 
60 mg!L 7.96 37 3.6 0.9969 0.02 8.27 0.9995 
80 mg!L 12.1 45 7.2 0.9842 0.01 12.7 0.9997 
CAC 
20 mg!L 1.68 9.6 0.22 0.9009 0.29 1.67 0.9982 
40 mg!L 3.58 3.4 0.37 0.9685 0.15 3.54 0.9971 
60 mg!L 5.63 13 0.50 0.9865 0.14 5.62 0.9994 
80 mg!L 8.2 20 0.60 0.9382 0.15 8.23 0.9999 
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4.3 Summary of Dye Adsorption by CCAC and CAC 
Adsorption of four different classes of textile dyes - Acid Red 18 (AR 18), Disperse 
Red 343 (DR 343), Reactive Yellow 15 (RY 15) and Direct Blue 86 (DB 86)- by 
CCAC and CAC are summarised in Table 4.9. It is observed that optimum contact 
time and optimum pH for adsorption by CCAC and CAC are identical, and followed 
pseudo-second-order kinetic model. Equilibrium adsorption data for both CCAC and 
CAC fitted well to Langmuir and Freundlich isotherm models. The values of 
Langmuir constant Q0 [48.5 (AR 18), 51.0 (DR 343), 32.0 (RY 15) and 8.3 (DB 86) 
for CCAC, and 37.3 (AR 18), 41.6 (DR 343), 22.0 (RY 15) and 6.5 (DB 86) for CAC] 
and Freundlich constant K1 [25.7 (AR 18), 3.6 (DR 343), 13.0 (RY 15) and 0.86 (DB 
86) for CCAC, and 12.0 (AR 18), 2.9 (DR 343), 10.0 (RY 15) and 0.50 (DB 86) for 
CAC] indicated that CCAC has higher adsorption capacity than that of CAC for all 
four textile dyes. 
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Table 4.9 Summary of Acid, Disperse, Reactive and Direct dye adsorption by CCAC and CAC 
Activated carbon 
and dye Optimum contact time Optimum pH Langmuir constants Freundlich constants Kinetic model 
Qo b Kt lin 
CCAC 
AR 18 4h 2 48.5 1.27 25.7 0.2 pseudo-second order 
DR343 I h 2 51 0.12 3.6 1.0 
RY 15 4h 2 32 0.2 13 0.2 pseudo-second order 
DB 86 2h 2 8.3 0.06 0.86 0.5 pseudo-second order 
CAC 
AR 18 4h 2 37.3 0.13 12.0 0.2 pseudo-second order 
DR343 I h 2 41.6 0.43 2.9 1.6 
RY15 4h 2 22 0.6 10 0.2 pseudo-second order 
DB 86 2h 2 6.5 0.04 0.50 0.5 pseudo-second order 
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4.4 Column Test for Textile Dye Waste Treatment 
The effectiveness of CCAC in the treatment of a textile dye waste was evaluated by 
downflow column test. The characteristics of textile dye waste before and after 
treatment are shown in Table 4.10. The breakthrough curves are shown in Fig. 49-51. 
The CCAC treated 17.5, 12.7 and 6.36 bed volumes of the wastewater in the first, 
second and third cycle, respectively and effected complete removal of dye (zero 
absorbance at 436, 525 and 620 nm) from the dye waste. 
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The textile dye waste treatment efficiency of CCAC with respect to contact time is 
shown in Fig. 4.52-54. The CCAC treated textile dye waste for 220 and 
160 min of contact time in the first and second cycle, respectively (zero absorbance at 
436, 525 and 620 nm). The CCAC was effective upto two cycles in removing COD 
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Table 4.10 Textile dye waste treatment by CCAC 
Parameters Before treatment After treatment 
pH 6.5 6.0 
BOD (mg/L) 188 2 
COD (mg/L) 634 16 
Turbidity (NTU) 10.0 8.8 
TDS (mg/L) 424 468 
TSS (mg/L) 77 12 
Absorbance 436 nm 2.192 0 
Absorbance 525 nm 1.684 0 
Absorbance 620 nm 1.374 0 
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4.5 Chapter Summary 
The results of characterisation of the coconut coir activated carbon (CCAC) and 
commercial activate carbon (CAC), adsorptive removal of textile dyes, batch 
adsorption test, adsorption isotherm, kinetic study and textile dye waste treatment by 
column test are presented and discussed. 
Adsorption of four different classes of textile dyes - Acid Red 18 (AR 18), 
Disperse Red 343 (DR 343), Reactive Yellow 15 (RY 15) and 
Direct Blue 86 (DB 86) - by CCAC and CAC are presented. It is observed that 
optimum contact time and optimum pH for adsorption by CCAC and CAC are 
identical, and followed pseudo-second-order kinetic model. Equilibrium adsorption 
data for both CCAC and CAC fitted well to the Langmuir and Freundlich isotherm 
models. The values of Langmuir constant Q0 [48.5 (AR 18), 51.0 (DR 343), 32.0 
(RY 15) and 8.3 (DB 86) for CCAC, and 37.3 (AR 18), 41.6 (DR 343), 22.0 (RY 15) 
and 6.5 (DB 86) for CAC] and Freundlich constant K1 [25.7 (AR 18), 3.6 (DR 343), 
13.0 (RY 15) and 0.86 (DB 86) for CCAC, and 12.0 (AR 18), 2.9 (DR 343), 10.0 (RY 
15) and 0.50 (DB 86) for CAC] indicated that CCAC has higher adsorption capacity 
than that of CAC for all four textile dyes. In downflow colum test, CCAC treated 
17.5, 12.7 and 6.36 bed volume of a textile dye waste in the first, second and third 
cycle, respectively, and effected complete removal of dye (zero absorbance at 436, 
525 and 620 run) from the dye waste. 
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CHAPTERS 
CONCLUSIONS AND SUGGESTIONS FOR FUTURE WORK 
5.0 Chapter Overview 
In this chapter, the results and findings of the study are summarised with conclusions, 
and suggestions for future work are presented. 
5.1 Conclusions 
Activated carbon was prepared from an agricultural solid waste, coconut coir. The 
coconut coir activated carbon (CCAC) and a commercial activated carbon (CAC) 
were characterised for various physical and chemical parameters by instrumental 
analysis. Effectiveness of CCAC and CAC in adsorptive removal of four different 
classes of textile dyes - Acid Red 18 (AR 18), Reactive Yellow 15 (RY 15), Direct 
Blue 86 (DB 86) and Disperse Red 343 (DR 343) - were compared by batch 
adsorption test. The textile dye adsorption capacity of CCAC was compared with that 
of CAC by Langmuir and Freundlich isotherm constants. Kinetics of dye adsorption 
by CCAC and CAC were analysed by pseudo-first-order and pseudo-second-order 
models. Effectiveness of CCAC in textile dye waste treatment was assessed by 
downflow column test using a textile dye waste. 
The results and finding of the study are summarised below with conclusions: 
I. The CCAC contained more macro- and micro pores compared to CAC. Both 
CCAC and CAC possessed similar surface functional groups. The CCAC had 
high surface area, micropore area and average pore diameter compared to 
those ofCAC. The pHzpc ofCCAC and CAC were 5.3 and 6.2, respectively. 
2. Dye adsorption by CCAC and CAC increased with decrease in dye 
concentration and increase in contact time for AR 18, RY 15 and DB 86, while 
in case of DR 343 adsorption increased with increase in dye concentration. 
Equilibrium adsorption was attained in 4, 4, 2 and I h, respectively and 
maximum adsorption occurred at pH 2. 
3. Equilibrium adsorption data for CCAC and CAC fitted well to the Langmuir 
and Freundlich isotherm models. The values of Langmuir constant Q0 and 
Freundlich constant Kt indicated that CCAC has higher adsorption capacity 
than that of CAC for all four textile dyes. 
4. Adsorption of the textile dyes by both CCAC and CAC followed the 
pseudo-second-order kinetics. 
5. The CCAC treated 17.5, 12.7 and 6.36 bed volumes of a textile dye waste in 
the first, second and third cycle, respectively, and effected removal of COD 
(97%) and BOD (99%), and complete removal of dye (zero absorbance at 436, 
525 and 620 nm) from the dye waste. 
6. Coconut coir activated carbon (CCAC) is an effective adsorbent medium for 
textile dyes and textile dye waste treatment. The CCAC is a suitable substitute 
for commercial activated carbon (CAC). 
5.2 Suggestions for Future Work 
The following suggestions are made for future work for possible improvements and 
new directions: 
I. To study adsorption of all different classes of textile dyes by CCAC. 
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2. To study effectiveness of CCAC in treatment of textile dye waste containing 
different classes of textile dyes. 
3. To study the effect of temperature and particle size on adsorption of textile 
dyes by CCAC. 
4. To study detailed downflow column test such as effect of flow rate and bed 
height along with modeling ofthe experimental data. 
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Effect of contact time and dye concentration of AR 18 by CCAC and CAC 
Activated carbon and Contact time (min) 
initial dye concentration 
CCAC 15 30 60 120 180 240 300 
40 mg/L (%adsorption) 32 40.7 57 73 82 92.5 92 
60 mg/L (% adsorption) 30.6 35.8 49 58.3 70 87 86 
80 mg/L (% adsorption) 31.2 36.3 44.7 66.7 70.6 81.3 79.6 
I 00 mg!L (% adsorption) 33.3 39.5 46 58.5 63.4 77 73.3 
CAC 
40 mg/L (% adsorption) 34.2 43 45.7 68.5 70.5 74 74 
60 mg/L (%adsorption) 28.6 35.8 39.6 55 57.6 66.6 66.6 
80 mg/L (% adsorption) 31.7 34.3 38.7 47.2 52.5 55 50.8 
I 00 mg/L (% adsorption) 29.6 29.5 36 41.8 45 51.2 46.2 
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Effect of contact time and dye concentration of DR 343 by CCAC and CAC 
Activated carbon and Contact time (min) 
initial dye concentration 
CCAC 5 30 60 120 180 240 300 360 420 
20 mg/L (% adsorption) 76.5 81.5 84 85 85 85 85 85 85 
40 mg!L (% adsorption) 85.5 86 91 91 89 89 89 89 89 
60 mg/L (% adsorption) 85 87.5 92 92 92 92 92 92 92 
80 mg/L (% adsorption) 85 87 94 92 92 92 92 92 92 
CAC 
20 mg/L (% adsorption) 74 79 83 80 80 82 
40 mg/L (% adsorption) 82.5 84 87.5 87.5 88 88.5 
60 mg/L (%adsorption) 83 86 89 89 90.6 88 
80 mg/L (% adsorption) 85 87 91 86 88.7 86 
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Effect of contact time and dye concentration of RY 15 by CCAC and CAC 
Activated carbon and Contact time (min) 
initial dye concentration 
CCAC 30 60 120 180 240 300 
20 mg/L (%adsorption) 80 95 97.5 100 100 100 
40 mg/L (% adsorption) 70 86 92 98 99 97 
60 mg/L (% adsorption) 52 68 81.6 90 97.5 94.6 
80 mg/L (%adsorption) 48 72.6 73 75.7 85 82 
CAC 
20 mg/L (% adsorption) 41 46 63.5 72 77 77 
40 mg/L (% adsorption) 27.5 38 45 48 51 50 
60 mg/L (% adsorption) 24.5 27.6 36 41 44 45 
80 mg/L (% adsorption) 23 26 33 34 36 35.5 
120 
Effect of contact time and dye concentration of DB 86 by CCAC and CAC 
Activated carbon and Contact time (h) 
initial dye concentration 
CCAC I 2 3 4 5 6 7 
20 mg/L (%adsorption) 40.25 50.6 48 47 48 46 44 
40 mg/L (% adsorption) 38.5 37.5 37.8 35 32.62 35 38 
60 mg/L (% adsorption) 36 37.5 37 40 41.25 45.4 43.45 
80 mg/L (%adsorption) 25.2 29.3 27.8 30 29.4 27.65 30 
CAC 
20 mg!L (% adsorption) 36 44 39 36 37.5 35 36 
40 mg/L (% adsorption) 29 32 32 28 29 31 30 
60 mg/L (%adsorption) 25 29 28 27 28.5 29 30 
80 mg!L (% adsorption) 18 23 20 18 20 19 20 
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Effect of pH on textile dyes adsorption by CCAC and CAC 
Activated Carbon and pH 
dye type 
CCAC I 2 3 4 5 6 7 8 
AR 18 (%adsorption) 91 78 73.6 78 66.5 74 73 
DR343 96 100 93 88 91 92 90 89 
(%adsorption) 
RY 15 (%adsorption) 99.6 100 93.5 90 92 90 87 
DB 86 (%adsorption) 61 50 44 42.5 36 37 40 
CAC 
AR 18 (%adsorption) 63.3 56.2 52.3 48.3 54 48.7 45 
DR 343 90 96 87 90 90 86 88 88 
(%adsorption) 
RY 15 (%adsorption) 85.5 88 79.5 66 62.5 61 54.5 
DB 86 (%adsorption) 51 46 38 37 35 33 37 
Effect of Carbon dose on textile dyes adsorption by CCAC 
Activated Carbon and Carbon dose (giL) 
dye type 
CCAC 0.5 I 1.5 2 4 6 8 10 
AR 18 (%adsorption) 44.7 62.7 99.5 99.5 99.5 
DR 343 (%adsorption) 95 95 95.8 96 100 100 
R Y 15 (%adsorption) 47 88.5 95.5 99.3 











Y (140 mg/1.) = -0.0059x + 1.3429 
Y 1160 mg/1.) = -0.0059x + 1.3696 
Y (180mgll.) = -0.0042x + 1.3849 
~~=::;;~~F==:;Y~(2:oo:m'gll.l = -0.0027x + 1.2057 
• C = 140 mg/L 
•C = 160 mg/L 
•C=180mg/L 
• 
• C = 200 mg/L 




0 30 60 90 120 150 180 210 240 
t, min 
Pseudo-first-order kinetic plot of AR 18 adsorption by CCAC 
1.2.-------------------------, 
y 1140 mg/1.) = -0.0037x + 1.0971 Y (180 mg/1.)= -0.005x + 1.1543 
y 1180 mg/1.) = -0.0042x + 0.9338 Y (200 mg/1.) = -0.0004x + 0.9266 
0.8 






•C = 180 mg/L 
• C = 200 mg/L 
CAC dose: 4 g/L 
o+----.-----r----r----.----~----r----.----~ 
0 30 60 90 120 
I, min 
150 180 210 














Y 114omgJLJ = 0.0267x + 0.6509 
Y 1160 mgJLJ = 0.0235x + 0.5636 
Y 1160 mgJLJ = 0.0213x + 0.6139 
Y 1200 mgll)= 0.0229x + 0.3728 
+C = 140 mg/L 
•C=160mg/L 
&C=180mg/L 
• C = 200 mg/L 
















30 60 90 120 150 180 210 240 
t, min 
Pseudo-second-order kinetic plot of AR 18 adsorption by CCAC 
0 
Y (140mg/l) = 0.0336x + 0.6751 
Y(160mg/l)= 0.0309x + 0.5113 
Y (160mgJLJ = 0.0311x + 0.3042 
Y (200mgJLJ = 0.0344x + 0.0375 
30 60 90 120 150 180 
t, min 
+C=140mg/L 
•C = 160 mg/L 
&C= 180mg/L 
• C = 200 mg/L 
CAC dose: 4 g/L 
210 240 












Y (120 mgll.) = -0.0051x + 1.0989 





CCAC dose: 6 gil 
Y 114o mgll.) = -0.0055x + 1.066 









30 60 90 120 150 180 210 
t, min 
Pseudo-first-order kinetic plot ofRY 15 adsorption by CCAC 
Y (12<lmgll.) = -0.0026x + 0.7434 
Y (160 mgll.) = -0.0075x + 0.9559 




CAC dose: 6 gil 
y (140 -~ = -0.0049x + 0.9292 
Y 11 so mgll.) = -0.002x + 0.8229 
240 
0+---~--~----~----~----r---~~--------~ 
0 30 60 90 120 150 180 210 240 




























Y (120-) = 0.0537x + 0.7681 
y (140 -~ = 0.0449x + 0.6809 
Y (180 -~ = 0.0457x + 0.352 
Y (180-) = 0.0448x + 0.5395 




• C = 140 mg/L 
•C = 160 mg/L 
eC = 180 mg/L 
CCAC dose: 6 g/L 
210 240 270 
Pseudo-second-order kinetic plot ofRY 15 adsorption by CCAC 
0 
y (120-) = 0.0467x + 1.4857 
Y (140-) = 0.0445x + 1.0337 
y (180-) = 0.0388x + 0.8895 
y (1SO-) = 0.0327x + 0.8526 
30 60 90 120 
t, min 
150 180 
+C = 120 mg/L 
• C = 140 mg/L 
•C= 160mg/L 
•C= 180mg/L 
CAC dose: 6 g/L 
210 240 
Pseudo-second-order kinetic plot of R Y 15 adsorption by CAC 
126 
270 
y (20mgiL)= -0.0134x- 0.142 
•C = 20 mg/L 
0.5 y t41lmg1Ll = -0.0109x + 0.3015 aC=40mg/L 
•C = 60 mg/L 
oC=80mg/L 
::- 0 • a 
'f CCAC dose: 6 g/L 
" • .!!: • 
"' .2 -0.5 
• 
-1 y (OOmgiL) = -0.0161x + 0.5554 • 
y (BOmgiL) = -0.0197x + 0.8577 
-1.5 
0 10 20 30 40 50 60 70 80 90 100 
t, min 
Pseudo-first-order kinetic plot of DB 86 adsorption by CCAC 
0 
y (20 mgiL) = -0.0042x - 0.6444 +C=20mg/L 
-0.2 • aC=40mg/L y <" mgiL) = -0.0024x - 0.4167 •C=60mg/L 
oC=80mg/L 
-0.4 
::- CAC dose: 6 gil 
'f 
" .!!: -0.6 • 
"' .2 • 
-0.8 
• 
y tOOmgiL) = -0.009x- 0.2521 
-1 y tea mgiL) = -0.0147x - 0.1367 
-1.2 -'-----------------""------__J 
0 10 20 30 40 50 60 70 80 90 100 
t, min 
















Y (20 mg/1.) = 0.404x + 1.485 
Y (40mgJL) = 0.1826x + 1.0875 
Y (60 mg/1.) = 0.1208x + 0.5923 
40 60 80 100 120 
t, min 





"' E 50 c, 
•C = 20mg/L 
•C=40mg/L 
aC=60mg/L 
eC = 80mg/L 
Y (20mg/L) = 0.5975x + 1.2106 
Y (40mgJL) = 0.2824x + 0.5124 
y (60 mg/1.) = 0.1777x + 0.2232 




0 20 40 60 
t, min 
80 100 120 




Contact time (436 nm) 
CCAC Absorbance value of textile dye waste 
Contact time (min) Cycle! Cycle 2 Cycle 3 
10 0 0 0 
20 0 0 0 
40 0 0 0 
60 0 0 0 
80 0 0 0 
100 0 0 0.11 
120 0 0 0.23 
140 0 0 0.35 
160 0 0 0.57 
180 0 0.02 0.59 
200 0 0.028 0.69 
220 0 0.06 
230 0.06 0.17 
240 0.18 0.27 
250 0.27 0.41 
270 0.5 0.58 
280 0.58 0.64 
300 0.61 0.69 
129 
Contact time (525 nm) 
CCAC Absorbance value of textile dye waste 
Contact time (min) Cycle I Cycle 2 Cycle 3 
10 0 0 0 
20 0 0 0 
40 0 0 0 
60 0 0 0 
80 0 0 0 
100 0 0 0.16 
120 0 0 0.24 
140 0 0 0.37 
160 0 0 0.57 
180 0 0.027 0.61 
200 0 0.029 0.71 
220 0 0.07 0.79 
230 0.06 0.18 
240 0.18 0.28 
250 0.27 0.45 
270 0.5 0.6 
280 0.6 0.66 
300 0.64 0.71 
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Contact time (620 nm) 
CCAC Absorbance value of textile dye waste 
Contact time (min) Cycle! Cycle 2 Cycle 3 
10 0 0 0 
20 0 0 0 
40 0 0 0 
60 0 0 0 
80 0 0 0 
100 0 0 0.23 
120 0 0 0.24 
140 0 0 0.37 
160 0 0 0.58 
180 0 0.026 0.61 
200 0 0.024 0.71 
220 0 0.07 0.83 
230 0.06 0.18 
240 0.18 0.28 
250 0.27 0.4 
270 0.5 0.6 
280 0.6 0.66 
300 0.63 0.71 
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